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(54) TiUe: RECEPTOR-UGAND ASSAY 

(57) Abstract . 

Disclosed herein are compositions and mediods which 
are useful in the identification and isolation of components 
involved in transmembrane receptor-mediated signalling. Such 
components include the receptors themselves (e.g.. tyrosine kinase 
receptors, cytokine receptors and tyrosine phosphatase receptors), 
as well as ligands which bind the receptors and modulators of 
the downstream intracellular catalytic event which characterizes 
receptor-mediated signalling. Two novel ligands for the FGF 
receptor and the nucleotide sequences encoding them are also 
described. 
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RECEPTQR-LIGAND A5.qAV ' , . 

Background of the Invention 

Transmembrane receptors are proteins which are 
localized in the plasma membrane of eukaryotic cells, 
5 These receptors have an extracellular domain, a 
transmembrane domain and an intracellular domain. 
Transmembrane receptors mediate molecular signaling 
fractions by, for example, binding specifically with an 
external signaling molecule (referred to as a ligand) which 

10 . activates the receptor. Activation results typically in 
the triggering of an intracellular catalytic function which 
is carried out by, or mediated through, the intracellular . 
domain of the transmembrane receptor. 

There are various families of transmembrane receptors 

15 that show overall similarity in sequence. The highest 

conservation of sequence is in the intracellular catalytic 
domain. Characteristic amino acid position can be used to 
define classes of receptors or to distinguish related 
family members. Sequences are much more divergent in the 

20 extracellular domain. 

A variety of methods have been developed for the 
identification and isolation of transmembrane receptors. 
This is frequently a straightforward matter since receptors 
often share a common sequence in their catalytic domain. 

25 However, the identification of the ligands which bind to, 
and activate, the transmembrane receptors is a much more 
difficult undertaking. Brute force approaches for the 
identification of ligands for known receptors are rarely 
successful. Brute force approaches usually depend on a 
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growth for nerve growth factor; or glucose homeostasis for 
the insulin receptor) or they depend on finding a source of 
the ligand and using affinity to purify^ it. ^ .In general, 
however, a source of the ligand is not known, nor is there 
i5 an obvious or easily assayed biological activity. 

Therefore, there are many receptors, . referred to as "orphan 
receptors", for which no corresponding ligand has been 
identified. Further, although several ligands may be known 
for a specific receptor, it is important to 
' 10 determine the remaining ligands for that receptor to fully 
understand its role in the growth and maintenance of. the 
vertebrate body. A systematic approach to the 
identification of ^ receptor ligands would be of great value 
for the identification of ligands having useful 
15 pharmacological activities. 

Summary of the Invention 

The present invention relates to compositions and 
methods which are useful in connection with the 
identification of transmembrane receptors and their 

20 corresponding ligands. Preferred transmembrane receptors 
include tyrosine kinase receptors, cytokine receptors and 
tyrosine phosphatase receptors. Such receptors mediate 
cell signaling through the interaction of specific binding 
pairs (e.g., receptor/ligand pairs) . The present invention 

25 is based on the finding that an unknown component in a 
receptor-mediated signaling pathway, which results ' 
ultimately in an intracellular catalytic event, can be 
identified by combining other known components within a 
cellular background within which the catalytic event 

30 ordinarily will not take plaqe at significant levels. A 
cDNA expression library is then used to transform such 
cells. If the cDNA insert encodes the missing component of 
the transmembrane receptor-mediated signaling pathway, the 
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catalytic event will be triggered. Detection of the 
otherwise absent catalytic activity is indicative of a cDNA 
insert encoding the missing component. - . 

The invention. also provides two novel ligands" f or "the 
5 FGF receptor. Both the isolated DNA sequences of these 

ligands (FRL-2 is SEQ ID N0:1 and FRL-1 is SEQ ID N0:3), as 
well as the isolated polypeptides (SEQ ID NO: 2 and SEQ ID 
NO: 4; respectively) encoded by these DNA sequences are 
described. Other nucleic acids of this invention include 

10 nucleotide sequences, both DNA and RNA, that comprise a 
portion of or all of sequences complementary to the DNA 
sequences described above. The genes FRL-2 and FRL-l were 
formerly designated XTl (or ALP) and EG2 (or CLP) , 
respectively, in U.S. Patent Application No. 08/2'79,217. 

15 This invention also encompasses agonists (mimics) arid 

antagonists (inhibitors or blocking agents) of the 
polypeptides described herein. Agonists and antagonists 
can include antibodies or other polypeptides with amino 
acid sequences that produce a similar (trigger FGF-mediated 

20 phosphorylation) or inhibitory function regarding the 
binding of the ligand..to its FGF receptor. 

The compositions of this invention may be used for 
diagnostic and therapeutic purposes, either alone or in 
combination with other compoxinds. Transgenic gene therapy 

25 is also provided using the DNA sequences or a fragment 
thereof in a sense or antisense orientation to affect the 
function or lack of function of an FGF receptor in 
vertebrate cells or tissues. 

Brief D escription of the Drawings 
30 . Figure lA-lB is a diagram illustrating the steps 

employed in the identification of a ligand specific for the 
FGF receptor. 

Figure 2 is a diagram illustrating the colony Western 
blot technique. 
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Figure 3 is the nucleotide sequence (SEQ ID N0:1) of a 
cDNA clone, FRL-2 (ALP) , encoding the angiogenin-like 
ligand. • - ■ ' - - • - 

Figure 4 is the amino acid sequence (SEQ ID NO: 2) of 
5 the polypeptide encoded by the nucleotide sequence, of 
Figure 3. 

Figure 5 is a comparison of the amino acid sequence 
(SEQ ID N(D:2) of the FRL-2 (ALP) gene product con5)ared to 
bovine angiogenin protein (SEQ ID NO: 5) and Chinese hamster 
10 pancreatic RNase (SEQ ID N0:6) . 

Figure 6 is the nucleotide sequence (SEQ ID N0:3) of a 
cDNA clone, FRL-I (CLP), encoding the cripto-like ligand. 

Figure 7 is the amino acid sequence (SEQ ID NO: 4) of 
the polypeptide encoded by the nucleotide sequence of 
15 Figure 6. 

Figure 8 is -a comparison of the amino acid sequence 
(SEQ ID NO: 4) of the FRL-I (CLP) gene product compared to 
mouse cripto protein (SEQ ID N0:'7) . 

Figure 9 shows the activation of FGFR by the FRL-2 
20 (ALP) and FRL-1 (CLP) proteins in XenopuB oocytes. 

Figure lOA-lOB is a comparison of the amino . acid 
sequences of known ligands for FGF receptors. 

Figure 11 shows the predicted cleavage sites, the 
glycosylation sites, and the hydrophophic regions at the C-. 
25 terminus of the FRL-l (CLP) and FRL-2 (ALP) proteins. 

Figure 12 shows the amino acid residues of the FRL-I 
(CLP) protein that are highly conserved in the EOF repeat. . 

Detailed Description of the Invention 

Transmembrane receptors have a binding site with high 
30 affinity for a specific signaling molecule. The signaling 
molecule is referred to herein as a ligamd. The present 
invention is based on the development of a novel approach 
for the identification of polypeptide ligands by functional 
expression in the yeast Saccharomyces cerevisiae. This 
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approach is based on the previously unproven hypothesis 
that it may be possible to functionally express a- 
heterologous tyrosine" kinase receptor and its corresponding 
polypeptide ligand in the same yeast" cell, leading to the 
5 activation of the receptor and a sxibstantial increase in - 
intracellular tyrosine phosphorylation. The intracellular 
tyrosine kinase activity of the tyrosine kinase receptor is 
activated by the binding of a ligand to the extracellular 
domain of the receptor. This interaction can occur on the 

10 surface of the cell (plasma membrane) or in intracellular 
membrane compartments such as secretory vesicles. In 
either case, according to the hypothesis confirmed -herein, 
the activation of the cytoplasmically oriented kinase 
domain results in phosphorylation of tyrosine residues of 

15 cytoplasmic protein targets. 

Yeast was chosen as an expression system because 
many molecular biological techniques are available and it 
has been demonstrated that many higher eukaryotic genes, 
including some growth factor-encoding genes, can be 

20 functionally expressed in yeast. In addition, only a few 
endogenous protein tyrosine kinases have been identified, in 
yeast, so that yeast is expected to have a low background 
of endogenous tyrosine phosphorylation. These features 
enabled the development of a screen to identify polypeptide 

25 ligands for heterologous tyrosine kinase receptors for 
which no ligand has yet been identified. Such receptors 
are referred to as orphan receptors. The term heterologous 
is used herein to raeam "non- endogenous". Thus, for 
example, a tyrosine kinase which is heterologous in the 

30 yeast SaccharomyceB cerevisiae is a tyrosine kinase which 
is non- endogenous (i.e., not present) in wild- type 
Saccharomyces cerevisiae. 

The disclosed method for identifying a ligand for a 
tyrosine kinase receptor involves the co-expression in 

35 yeast cells (preferably Saccharoxnyces cerevisiae) of a gene 
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encoding a tyrosine kinase receptor, together with an 
expression cDNA library which, for example, is constinicted 
from a tissue or cell line that is thought to synthesize a 
receptor ligand in vivo. The tyrosine kinase gene, 
5 together with any regulatory elements required for 

expression, can be introduced into the yeast strain on a 
stable plasmid (e.g., a CEN-based plasmid) , or it ccui be 
integrated into the yeast chromosome using standard 
techniques {Methods In Enzymology, vol. 194, C. Guthrie and. 

10 G. Fink, eds . , (1991) ) . 

The choice of expression vectors for use in connection 
with the cDNA library is not limited to a particular 
vector. Any expression vector suitable for use in yeast 
cells is appropriate. The discussion relating to 

15 experiments disclosed in the Exemplification section which 
follows describes a particular combination of elements 
which was determined to yield meaningful ^results. However, 
many options are available for genetic markers, promoters 
and ancillary expression sequences. As discussed in 

20 greater detail below, the use of an inducible promoter to 
drive expression of the cDNA library is a preferred feature 
which provides a convenient means for demonstrating that 
observed changes in tyrosine kinase activity are, in fact, 
cDNA dependent. 

25 In a preferred format of the assay, two expression 

constructs are employed; the first expression construct 
contains the tyrosine, kinase gene and the second expression 
construct carries the cDNA library. Typically. the two 
expression constructs are not introduced simultaneously, 

30 but rather a stable yeast strain is first established which 
harbors the tyrosine kinase receptor carried on a CEN-based 
plasmid. Other regulatory sequences are included, as 
needed, to ensure that the tyrosine kinasie gene is 
constitutively expressed. A CEN-based expression vector 

35 contains CEN sequences which are specific centromeric 
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regions which promote equal segregation during cell 
division. The inclusion of such- sequences in the 
expression construct results in improved mitotic 
segregation. It has been reported/ for example/ that 
5 mitotic segregation of CEN-based plasmids results in a . 
population of cells in which over 90% of the cells carry 
one to two copies of the CEN-based plasmid. Faulty mitotic 
segregation in a similar transformation experiment with an 
otherwise identical expression construct which lacks CEN 
10 sequences would be expected to result in a cell population 
in which only about 5-20% of the cells contain the plasmid. 

Many transmembrane tyrosine kinase receptors have been 
identified (for reviews- see, e.g.. Hanks, Current Opinion 
in Structural Biology 1: 369 (1991),. and Pawson and 
15 Bernstein, Trends in Genetics 6: 350 (1990)). A number of 
these tyrosine kinase receptors are orphan receptors for 
which no activating ligand has been identified. Any 
transmembrane tyrosine kinase that can be expressed in 
yeast cells is useful in connection with the present 
20 invention. Based on fundamental principles of molecular 
biology, there is no reason to believe a priori that any 
member of the tyrosine kinase receptor family would not be 
useful in connection with the present invention. 
Preferably, the gene encoding, the tyrosine kinase receptor 
25 is isolated from the same organism from which, nucleic acid 
is to be isolated for use in the construction of a cDNA 
library. 

As discussed in the Exemplification section which 
follows, the level of expression of the transmembrane 

30 tyrosine kinase is a variable which must be considered in 
the design of the assay for ligand identification. For 
example, it was determined that high level expression of 
the FGF receptor results in a substantial increase in 
intracellular phosphorylation, even in the absence of FGF. 

35 Therefore, it is important that expression of the 
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transmembrane receptor be driven by regulatory elements 
which result in a sufficient level of expression of the 
transmembrane receptor to facilitate detection following 
activation of the, receptor by ligand binding, while not 
5 resulting in overexpression to the extent that ligand- 
iiidependent autophosphorylation results. A preferred 
promoter,; for the expression of the transmembrane receptor 
is the ACTl (act in) promoter. This promoter was determined 
to provide a robust, ligand- dependent signal in the 
.10 experiments described below. 

The cDNA library is prepared by conventional 
techniques. Briefly ; mRNA is isolated from an organism of 
interest. An RNA-directed DNA polymerase is employed for 
first strand synthesis using the mRNA as template. Second 

15 strand synthesis is carried out using a DNA-directed DNA 
polymerase .which results in the cDNA product. Following 
conventional processing to facilitate cloning of the cDNA, 
the cDNA is inserted into an expression vector suitable for 
use in yeast cells. Preferably the promoter which drives 

20 expression from the cDNA expression construct is an 
inducible promoter (e.g., GALl) , 

As disclosed in the Exemplification section that . 
follows, removal of the endogenous signal sequence from a 
cDNA insert encoding a functional receptor ligand resulted 

25 in inactivation of the ligand. It appears, -therefore, to 
be necessary to include a signal sequence in the cDNA 
library constructs to mark the encoded polypeptide for 
tramsport across the membrane of the endoplasmic reticulum 
thereby enabling the extracellular release of the encoded 

30 polypeptide which facilitates interaction^ with the 

extracellular domain of a transmembrane receptor. The 
signal sequence employed in the experiments disclosed 
herein was the signal sequence of Saccharomyces cereyisiae 
invertase. However, any signal sequence which can function 

35 in yeast should be useful in connection with the present 
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invention (Nothwehr and Gordon, Bioessays 12: 479 (1990)). 

The cDNA expression library is then used to transform 

the yeast strain which constitutively expresses the 
■ -transmembrane tyrosine kinase gene. "mRNA' encoding "the 
5 tyrosine kinase receptor and the cDNA product are thought 
to be translated in the rough endoplasmic reticulum, 
accumulate in the inner cavity of the rough endoplasmic 
reticulum, and migrate to the lumen of the Golgi vesicles 
for transport to the Golgi complex. Within the Golgi < 
10 complex, proteins are "addressed" for their ultimate 
destination. Prom the Golgi complex, the addressed 
proteins are transported out of the complex by secretory 
vesicles. 

A transmembrane tyrosine kinase receptor, if 
15 sequestered in a secretory vesicle, the Golgi complex or 
the endoplasmic reticulum, is oriented' such that the 
cytoplasmic domain is in contact with the cellular 
cytoplasm as the various vesicles migrate from the Golgi 
. complex to the plasma membrane which is the ultimate 
20 destination for a transmembrane receptor. It is possible 
that the signal sequence bearing polypeptides encoded by 
the CDNA library can be co-compartmentalized with the 
transmembrane receptor in the same secretory vesicle. If 
this were to occur, any cDNA encoded ligand specific for 
25 the tyrosine kinase receptor could bind with the 

"extracellular" portion of the tyrosine kinase receptor 
(which is located in the internal portion of the secretory 
vesicle during the migration to the plasma membrane) 
thereby activating intracellular tyrosine kinases through 
30 contact with the cytoplasmically oriented intracellular 
domain of the tyrosine kinase receptor. Alternatively, 
activation of intracellular tyrosine kinase activity could 
also result from interaction with an extracellular 
polypeptide encoded by the cDNA library through interaction 
with a plasma transmembrane tyrosine kinase receptor. This 



35 
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occurS/ for example, following migration of the secretory 
- vesicle to the plasma membrane resulting in the" 
incorporation of the plasma transmembrane tyrosine kinase 
receptor and export of the signal sequence -bearing cDNA 
5 encoded polypeptide ligand. 

In either case, activation of the intracellular 
tyrosine kinase activity results' in the phosphorylation of 
intracellular tyrosine residues at a level which is 
substantially higher (i.e., at least about 4-fold higher) 

io than background levels of phosphorylation in the yeast 

stain harboring an expression construct containing only the 
gene encoding the tyrosine kinase receptor, (the negative ^ 
control strain). 

The preferred method for determining the level of . 

15 intracellular tyrosine phosphorylation is a colony Western 
blot using replica plates. It will be recognized that> 
although particularly convenient, the colony Western blot 
method is but one example of many conventional assays which 
could be employed to determine levels of intracellular 

20 tyrosine kinase activity. The colony Western blot 

■procedure using replica plates is shown diagrammatically in 
Figure 2. cDNA library transf ormants are initially plated 
on media which do not contain an inducer of the promoter 
which drives expression of the cDNA insert. For examples, 

25 if the GALl promoter is used to drive expression of the 
cDNA insert, cDNA library transf ormants are initially 
plated on a medium containing 2% glucose. On this growth 
medium, cells containing the cDNA expression construct will 
grow, but the encoded cDNA product is not expressed. 

30 A set of replica filters is produced from the initial 

transformation plate by sequentially placing a set of 
directionally oriented membranes (e.g., nitrocellulose 
. filter membranes) over the transformation plate such that 
the. membrane contacts existing transf ormant colonies. 

35 Cells from transformation colonies adhere to the membranes 
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to form a pattern which represents the pattern of colonies 
on the transformation plate. Each of the replica filters 
/is then placed on a separate plate, one of which contains a 
' compound which will induce the inducible promoter (e.g., 2V" 
. 5 galactose to induce the GALl promoter) and one of which 
will not induce the inducible promoter (e.g., 2% glucose 
for the GALl promoter) . Both plates are incubated 
overnight to promote regrowth of the original cDNA library 
transformants. 

10 Following overnight incubation, the replica filters 

are removed from the growth medium plates, and the colonies 
are lysed in situ by soaking the replica filters in a lysis 
solution for a period of time sufficient to lyse cellular 
membranes (e.g., 0.1% SDS, 0.2 N NaOH, 35 mM DTT for about 

15 30 minutes) . The replica filters are then probed with 
ant i-phospho tyrosine antibodies. Colonies which exhibit 
, elevated tyrosine kinase activity on the replica filter 
which had been incubated overnight on a growth medium 
containing a compound which induces expression of the cDNA 

20 insert linked to the inducible promoter, but which do not 
exhibit elevated tyrosine kinase activity on the replica 
filter incubated overnight on a growth medium lacking the 
inducing, compound, contain a cDNA insert encoding a 
- candidate ligand. 

25 To confirm that a candidate ligand is, in fact, a 

ligand (and not, for example, a distinct tyrosine kinase), 
the expression construct is recovered (or rescued) from the 
cells of the colony demonstrating increased tyrosine kinase 
activity when grown under inducing conditions. The rescued 

30 expression construct is then used to transform a first 
yeast strain which is known to constitutively express the 
tyrosine kinase gene, and a second yeast strain which does 
not express the tyrosine kinase gene. Increased tyrosine 
kinase activity in the strain which is known to express the 

35 tyrosine kinase gene, coupled with no increased tyrosine 
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kinase activity in the strain which does not express the 
tyrosine kinase gene, serves as confirmation that the cDNA 
insert of the cDNA expression construct encodes a 
polypeptide ligand which binds to, and activates, the 
5 tyrosine kinase gene product. 

Following confirmation that the candidate ligand is, 
• in. fact, a receptor ligand, it is a straightforward matter 
to identify and characterize the polypeptide encoded by the 
cDNA library which is responsible for the increase in 

10 tyrosine kinase activity. This is accomplished by 

isolating plasmid DNA from the strain which exhibits the 
elevated tyrosine kinase activity and characterizing the 
insert carried in the plasmid (e.g., by DNA sequence 
■ analysis) . The molecule encoded by the cDNA insert can 

15 then be further , characterized by^ conventional approaches 

such as expression and isolation of thei- encoded polypeptide ^ 
followed by in vitro binding studies in order to confirm 
the specificity of the binding interaction with the 
transmembrane receptor. 

20 The method of the present invention is not limited to 

the isolation of tyrosine kinase receptor ligands. Rather, 
- the method can be modified for use in the identification of 
ligands for any transmembrane receptor having a single 
transmembrane domain, an extracellular domain and an 
. 25 intracellular domain. This is accomplished by generating 
an expression construct encoding a chimeric fusion protein 
comprising the extracellular domain of a transmembrane 
receptor fused to the intracellular domain of a specific, 
tyrosine kinase receptor (e.g., the FGF receptor); As 

30 mentioned previously, this construct is preferably 
generated in a CEN-based plasmid background or, 
alternatively, in a plasmid which will facilitate 
integration of the- chimeric receptor into the yeast 
chromosome. Conventional molecular biological techniques 

35 are employed to generate this construct, as well as all 
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others disclosed in this specification (see e.g., Molecular 
Cloning - A Laboratory Manual, Satnbfrook/ J. ret al,., eds.,' 
Cold Spring Harbor Publications, Cold Spring Harbor, NY 

" ' (1989) ) . This expression construct encoding the "tyrosine" * 
5 kinase receptor fusion protein is used in a manner 

analogous to the expression construct encoding the tyrosine 
kinase receptor in the embodiment described sibove. 

Briefly, the preferred embodiment, of this aspect of 
the invention includes the construction of a yeast strain 

10 which constitutively expresses a chimeric fusion protein of 
the type described above. This strain is then transformed 
with a cDNA expriession library generated using mRNA 
isolated from the organism of interest, A ligand which 
binds specifically to the native transmembrane receptor 

15 will bind. to the extracellular domain of the tyrosine 

kinase fusion protein and this ligand binding will trigger 
ligand- dependent intracellular tyrosine kinase activity 
mediated by the intracellular domain of the tyrosine kinase 
receptor. Intracellular tyrosine kinase activity is 

20 detected in the manner described previously. 

A specific example of this embodiment of the present 
invention is applicable to the isolation of a ligand for a 
cytokine receptor (e.g., erythropoietin receptor, 
interleukin-3 receptor, etc.). Cytokine receptors, like 

25 tyrosine kinase receptors, are transmembrane receptors 

found in mammalian cells and possess both an extracellular 
domain and an intracellular domain. However, xinlike the 
tyrosine kinase receptors, cytokine receptors do not 
possess a catalytic domain but rather recruit cytoplasmic 

30 tyrosine kinase enzymes in response to ligand activation. 
More specifically, the intracellular (cytoplasmic) domain 
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of the cytokine receptor has been shown to bind to,, and 
activate, a class of cytoplaisraic tyrosine kinases (e.g. , 
, the JAK2/TYK2 class) . _ 

To isolate cytokine receptor ligands, a yeast strain 
5 is constructed which cons t i tut ively expresses a cytoplasmic 
tyrosine kinase and a transmembrane cytokine receptor. 
This yeast strain is then transformed with a cDNA 
expression library from an organism of interest, preferably 
under the control of an inducible promoter. Elevated 

10 levels of tyrosine kinase activity will be observed if the 
polypeptide encoded by the cDNA library insert functions as 
a ligand for the native cytokine receptor. Binding of the 
polypeptide ligand to the extracellular domain of the 
cytokine receptor (either at the plasma membrane or within 

15 a secretory vesicle) . results in the activation of the 
cytoplasmic tyrosine kinase. 

The colony Western blot procedure discussed above, and ^ 
shown diagrammatically in Figure 2, is the preferred method 
for screening for an expression construct encoding a 

20 functional ligand. Specifically, a set of replica filters • 
is prepared from the original transformation plate and the 
first and second replica filters are incubated overnight 
under inducing conditions, and non-inducing conditions, 
respectively. Colonies affixed to the replica filters are 

25 then lysed and probed with aiiti-phosphotyrosine antibodies. 
Increased levels of tyrosine kinase activity can be 
indicative of a cDNA insert encoding a ligauid for the 
cytokine receptor or, alternatively, a cDNA insert encoding 
a cytoplasmic tyrosine kinase enzyme. To determine which 

30 of these two alternatives is responsible for the observed 
increase in tyrosine kinase activity^ the expression 
construct encoding the candidate ligand is rescued and used 
to independently transform a first cell population which 
^ constitutively expresses the cytokine receptor and the 

35 cytoplasmic tyrosine kinase, and a second cell population 
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which constitutively expresses the cytokine receptor but 
not the cytoplasmic tyrosine kinase. Candidates which 
demonstrate an increase in tyrosine kinase activity in the 
first cell population, but not the second, encode a 
5 cytokine receptor ligand/ Expression constructs which 
result in an increase in tyrosine kinase activity in both 
the first cell population and the second cell population 
encode a cytoplasmic tyrosine kinase. > 

Given the fundamental disclosure that a yeast cell 

10 system can be used to identify ligands and other members of 
specific binding pairs involved in receptor-mediated 
molecular signaling, numerous variations of the theme 
described above are derivc^Dle through routine 
experimentation. Using such variations, any single 

15 polypeptide component of the receptor-mediated signaling 
pathway can be identified through the introduction of a 
cDNA library into yeast cells which have been modified to 
constitutively produce other necessary components of the 
signaling pathway. 

20 For example, the methods described above can be 

modified to facilitate the identification of a cytokine 
receptor. As discussed above, cytokine -receptor mediated 
signaling involves a cytokine receptor and a cytoplasmic 
tyrosine kinase which is activated by interaction with the 

25 cytoplasmic domain of the cytokine receptor. As reported 
in the Exemplification section below, bverexpression of the 
transmembrane tyrosine kinase (e.g., by expression from the 
GALl promoter) resulted in ligand- independent tyrosine 
kinase activity. By analogy, it would be' expected that 

30 overexpression of a transmembrane cytokine receptor in the 
presence of a cytoplasmic tyrosine kinase would yield 
ligand- independent tyrosine kinase activity. 

More specifically, a yeast strain constitutively 
expressing a cytoplasmic tyrosine kinase is first 

35 constructed. The use of the GALl promoter would be 



BNSDOaO: <W0 9603499A1J_> 



wo 96/03499 



PCT/US95/09172 



-16- • 

expected to result in a high level -of cytoplasmic tyrosine 
' ' kinase expression. However, routine experimentation may be 
required to optimize the expression level. It is 
preferred, for example, that the cytoplasmic tyrosine 
5 kinase be produced at such a level that it is detectable by 

Western blot . . 

A cDNA library is then constructed, preferably with 
the expression of the cDNA insert under the control of ah 
inducible promoter. Replica filters are produced and 

10 incubated independently with, and without, a compound 

capable of inducing expression from the inducible promoter. 
Increased levels of tyrosine kinase activity are detected, 
for example, by colony Western blot in cells grown under . 
inducing conditions, but not under non- inducing conditions . 

15 This would be observed, for example, when the cDNA insert 
encodes a cytokine receptor. The expression construct -is 
rescued from these cells and introduced independently into 
yeast cells with, and without, const i tut ively expressed 
intracellular tyrosine, kinase. Increased tyrosine kinase 

20 activity which is dependent upon the const itut ively 

expressed cytoplasmic tyrosine kinase of the host strain 
indicates that the cDNA insert encodes a cytokine receptor. 
Increased tyrosine kinase activity which is not dependent 
upon the constitutively expressed cytoplasmic tyrosine 

25 kinase of the host strain is an indication that the cDNA 
insert encodes a functional tyrosine kinase. If such a . 
cytokine receptor is known or discovered, yeast strains 
expressing the cytoplasmic tyrosine kinase and the cytokine 
receptor can be employed in a method for the isolation of a 

30 ligand in a manner analogous to the methods described 
elsewhere in this specification. 

Another example of a variation of presently disclosed 
method is useful for the identification of a receptor for 
an orphan polypeptide ligand {i.e., a ligand for which no 

35 receptor has been previously identified) , or for the 
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identif ication of new receptors for aligand which is knovm 
to interact productively with one or more previously 
identified receptors. This method incorporates the use of 
a yeast strain which has been modified to const i tut ively 

■5 produce the previously identified ligand or orphan ligand, 
A cDNA library is introduced and the colony Western blot is 
employed to identify colonies which exhibit increased 
tyrosine kinase activity in the induced state. Rescue of 
the expression construct, followed by retransf ormation of 

10 yeast cells both with and without a constitutively 
expressed ligand, is used to confirm ligand-dependent 
activation of tyrosine kinase activity. It will be 
recognized that the description above relates specifically 
to a tyrosine kinase-like receptor. The method is easily 

15 modified for use with a cytokine receptor by adding 

constitutive cytoplasmic tyrosine kinase activity to the 
list of constitutive host cell requirements. 

Similarly, the methods of this invention can be used 
to identify a cytoplasmic tyrosine kinase if a known 

20 cytokine receptor and ligand are provided. In this method, 
the cytokine receptor and ligand are expressed 
constitutively in a host yeast strain. The cDNA library is 
provided, and transformants are screened, in the induced 
and non- induced state, by the replica method discussed 

25 above. Candidate cytoplasmic tyrosine kinases are those 
encoded by an .expression construct conferring increased 
tyrosine kinase activity in the induced state. The cDNA 
expression construct is rescued from the identified colony 
and introduced into yeast cells which constitutively 

30 express the cytokine receptor and ligand. The rescued 
construct is also introduced into a yeast strain lacking 
the cytokine receptor and ligand. Increased activity in 
the former, but not in the latter, is indicative of a cDNA 
insert encoding a cytoplasmic tyrosine kinase. 

35 In another aspect of the invention, polypeptide 
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modulators of receptor -mediated tyrosine kinase activity 
can be isolated, A polypeptide modulator can be, for 
example, a polypeptide (intracellular or extracellular) 
which modifies the affinity of the ligand for receptor, or 
5 which modifies the activity of the catalytic domain (either 
integral or recruited) , Polypeptide modulators can be 
isolated by first providing a yeast strain which 
constitutively expresses a ligand/receptor pair (together / 
with the cytoplasmic tyrosine kinase in the case of a 

10 cytokine receptor/ligand pair). The construction of such 
strains has been discussed in greater detail above. A 
yeast. cell which constitutively expresses, the 
ligand/receptor pair is expected to exhibit a relatively 
high level of background tyrosine kinase activity when the 

15 cDNA library is expressed in both the induced and non- 
induced state. However, the presence of a cDNA insert . 
encoding a strong modulator (either an up-modulator or a 
down-modulator) will be determined by a detectable (i.e., 
at least about 2- fold) change in the level of tyrosine 

20 kinase activity in the induced state due to the presence of 
the polypeptide modulator. 

In another aspect of the invention, ligands which 
specifically activate transmembrane tyrosine phosphatase 
. receptors can be isolated. Transmembrane tyrosine 

25 phosphatase receptors are membrane components which have an 
intracellular catalytic domain which functions to remove 
phosphate groups from tyrosine residues. In other words, 
the tyrosine phosphatase receptor function can be viewed as 
a catalytic function which reverses the action of a 

30' tyrosine kinase (a tyrosine kinase functions by adding, a 
phosphate group to intracellular tyrosine residues) . 
Tyrosine phosphatase receptors have an extracellular domain 
and, therefore, the existence of extracellular ligands is 
presumed although none have been isolated to date. 

35 In order to isolate a. cDNA fragment encoding a 
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tyrosine phosphatase receptor ligand, it is necessary to 
first provide a yeast strain. which constitutively expresses 
cellular components necessary to produce a basal level of 
intracellular tyrosine kinase activity. This can be , 
5 accomplished, for example, by providing a strain which 
constitutively expresses appropriate levels of a 
transmembrane tyrosine kinase receptor, together with its 
corresponding ligand. Basal levels of tyrosine kinase 
activity in such a strain are determined using the colony 

10 Western blot, for example. 

Following a determination of intracellular tyrosine 
kinase activity, this strain is further modified to express 
a tyrosine phosphatase receptor. Subsequent to the 
introduction of the tyrosine phosphatase receptor gene, 

15 levels' of tyrosine kinase activity are again determined to 
ensure that there has been no change in the basal level of 
F^'iosphorylation detected. In the absence of the tyrosine 
phosphatase receptor ligand, the addition of the 
expressible tyrosine phosphatase receptor gene to the 

20 strain should not affect basal levels of phosphorylation.. 

Confirmation that the introduction of the tyrosine 
phosphatase gene does hot affect detected phosphorylation 
levels is followed by the introduction of a cDNA library, 
preferably under the control of an inducible promoter. 

25 Replica filters are produced from the plate of 

transf ormants and incxibated overnight under either inducing 
or non-inducing conditions. The levels of intracellular 
tyrosine phosphorylation are then determined, for example, 
by the colony Western blotting procedure. Reduced levels 

30 of intracellular tyrosine phosphorylation under inducing 
growth conditions, relative to the levels determined under 
non- inducing growth conditions, are an indication that the 
cDNA insert encodes a tyrosine phosphatase ligand which 
binds to the extracellular domain of the tyrosine 

35 phosphatase receptor thereby activating the tyrosine 
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phosphatase activity which functions to reduce 
intracellular tyrosine phosphorylation thereby reversing 
the effect of the constitutively expressed .tyrosine kinase.. .. 
The initial indication that the cDNA insert encodes a 
5 . tyrosine phosphatase ligand can be confirmed by further 
studies including, for example, demonstration that the 
observed decrease in phosphorylation is dependent upon 
entry of the cDNA encoded product into the secretory 
pathway. Confirmation that a signal sequence is encoded by 
10 the cDNA insert is an example of one type of confirmatory 
experiment . 

The methods of the present invention can be further 
modified for use in the identification of functionally 
significant domains in a transmembrane receptor or its 

15 ligand.. This method is carried out, for example, by 
mutagenizing either the transmembrane receptor or its 
ligand by conventional site-directed mutagenic techniques. 
The mutagenized component is then included in an assay of 
the type described above with a non-rautagenized copy 

20 serving as a positive control. Increased intracellular 
■ tyrosine phosphorylation in the positive control coupled 
with a relative decrease in tyrosine phosphorylation 
(relative to the positive control) in the assay which 
includes the mutagenized component indicates that the 

25 mutagenized amino acid residue (s) are of functional 
significance . 

The FRL-2 (SEQ ID N0:1) and FRL-1 genes (SEQ ID N0:3) 
encoding the two novel ligands identified by the methods of 
the present invention were sequenced and the sequences are 
30 shown in Figures 3 and 6, respectively, this invention 
- provides isolated DNA encoding all or a portion of the FRL- 
2 or FRL'l protein ligands, including DNA that comprises 
(a) SEQ ID N0:1 or SEQ ID N0:3; (b) a portion of the 
nucleotide sequence of SEQ ID N0:1 or SEQ ID NO: 3; (c) a 
35- nucleotide sequence that hybridizes to SEQ ID N0:1 or SEQ 
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ID NO: 3 under stringent conditions (See, Ausubel, et al. 
(1994) Current Protocols in Nolecular Biology, , Section 
John Wiley & Sons, NY) ; or (d) DNA differing from the DNA 
sequences of (a) , (b) or (c) in codon sequence due to the 
5 degeneracy of the genetic code, and which is the functional 
equivalent of DNA encoding FRL-2 or FRL-I protein. By 
"functional equivalent", it is meant that the DNA encodes a 
_ polypeptide that demonstrates the biological function of 
the FRL'2 or FRL-l protein ligand. 

10 The cDNA encoding these ligands may be radiolabeled, 

or labeled with enzymes, fluorescent compounds, or other 
detectable compounds, and used as a probe or primer to 
isolate other vertebrate FRL-2 or FRL-I cDNAs by cross- 
species hybridization. Alternatively, Northern 

15 hybridization can be used to screen mRNAs from other 

vertebrate cell lines to identify a source of mRNA by which 
a ligand gene can be cloned. 

Also provided are the polypeptides comprising the FRL- 
2 (SEQ ID N0i2) and FRL-1 {SEQ ID N0:4) protein ligands or 

20 their functional equivalents, as well as amino acid 

sequences encoded by the DNA described above. FRL-2 and 
FRL-1 proteins can be synthesized by synthetically 
constructing and expressing either SEQ ID N0:1 (for FRL-2) 
or SEQ ID NO: 3 (for FRL-I) using recombinant DNA 

25 technology. The degeneracy of the genetic code also 

permits a wide variety of codon combinations to be used for 
constructing the DNA chains that encode these polypeptides. 

The FGF family of receptor ligands contains at least 
nine members which are structurally closely related to one 

30 another. Basilico and Moscatelli (1992) Adv. Cancer Res. 
59: 115-11G5. Figure lOA-lOB is a comparison of the amino 
acid sequences of known ligands for FGF receptors showing 
conserved sequences between these proteins. The FRL-2 and 
FRL-1 ligands described herein are different structurally 



BNSDOCID: <W0 9603499AlJ_> 



wo 96/03499 



PCTAJS95/09172 



-2.2- 

and have no conserved (consensus) secpjiences with the other 
known FGF ligands- - - . 

Growth factors such as FGF are responsible for • 
multiple activities of cells. FGF receptors are expressed 
5 in adult tissues and cell lines where they control the 
proliferation, survival, differentiation, migration or 
function of cells. Fibroblast growth factor has a broad 
range of specificity and can stimulate proliferation of 
many cell types as well as. inhibit differentiation of 

10 various types of stem cells and act as an inductive signal 
in embryonic development. The potential for regulating the 
growth of cells and tissues by stimulating or inhibiting 
FGF are enormous. Of particular interest is the 
stimulatory effect of FGF on collateral vascularization and 

15 angiogenesis. Such mitogenic effects have stimulated 

considerable interest in FGF as as a potential therapeutic 
agent for wound healing/ nerve regeneration and cartilage 
repair . 

Accordingly, the possibilities for using the FRL-2 and 

20 FRL-2 ligands to modulate the activities of the FGF 

receptor in cells are manyfold in vertebrates. Further, 
agonists and smtagonists can, produce modulating effects. 
Antagonists can include antisense nucleotide sequences, 
either DNA or RNA, that are complementary to all or a part 

25 of the FHL-2 or FRL-l gene as well as blocking agents that . 
interfere with the binding of the ligand to the receptor. 
The antisense sequences can be introduced by means of gene 
therapy (via infection or transf ection) and used to treat 
individuals who would benefit from reduced levels of FGF 

30 receptor activity. 

This invention also provides fusion proteins and 
methods of using fusion proteins to detect and identify 
sites of FRL-2 and FWi- 1 ligand interactions with FGF 
receptors. Fusion proteins can be applied, to detect and 

35 assay abnormal expression or to monitor the effects of 
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treatment Involving variants or mutants of FRL-2 and FRL-l, 
as well as agonists and antagonists of FRL-2 and FRL-l 
ligands on FGF receptor activity. See, for example, Cheng, 
H.J. and J.G. Flanagan (1994) Cell 79: 157-68; Flanagan, 
5 J.G. and P. Leder (1990) Cell 53: 185-94, 

Several methods are provided by which the expression 
of the gene products of FRL-2 or FRL-l can be detected arid 
quantified. One method for detecting the expression of an 
or FRL'l protein ligand in a sample comprises the 

10 steps of: (a) treating the sample in a manner that renders 
mRNA encoding the ligand available for hybridization with a 
complementary DNA or RNA oligonucleotide, thereby producing 
a treated sample; contacting the treated sample with at 
least one DNA or RNA probe which is a nucleotide sequence 

15 complementary to all or a portion of the gene or mRNA 

encoding the ligand; and (c) detecting the hybridization of 
mRNA from the sample with the probe, wherein hybridization 
of the mRNA is an indication of the presence of the ligand - 
in the sample. The ligand can be quantified by measuring 

20 the extent of hybridization in the sample. 

Another method of detecting the level of expression of 
FRL-2 or FRL-l protein ligand in a sample comprises the 
steps of : (a) treating the. sample in a manner that renders 
the ligand available for binding to antibodies or antibody 

25 fragments specific for the ligand, thereby producing a 

treated sample; (b) contacting the treated sample with the 
antibody or antibody fragments under conditions appropriate, 
for formation of antibody- antigen complexes; and (c) , 
detecting the presence of antibody- antigen complexes as an 

30 indication of the presence of the ligand in the sample. 
The level, of FRL-2 or FRL-l protein ligand expression can 
be quantified in the sample by measuring the amount of . 
antibody -antigen complex as a mesms to. determine the amount 
of the ligand in the sample. 
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Antagonists of these ligands can be used to prevent 
signal transduction of the FGF receptor and thus prevent . 
unwanted resultant cellular responses. ' For example, a 
mutated form of SEQ ID N0:1 or SEQ ID NO: 3 can be prepared 
that will encode part or all of a polypeptide that competes 
with the endogenous polypeptide ligand for binding to its 
FGF receptor, but is not able to trigger phosphorylation. 
Thus the receptor activities are blocked. : This can be 
useful in preventing tumor growth, for example, where 
angiogenesis is required for a growing tumor to receive 
increased nutrients through the blood. Without the 
increase in vascularization, the tumor is dependent on 
diffusion of nutrients and is essentially inhibited. 
Therefore, in addition to purified FGF receptor 
15 ligands, this invention can provide variants and 

derivatives of native FRL-2 and FRL-I that retain the 
desired biological activity {the ability to bind FGF) and 
.modulate the binding of native FRL-2 and FRL-I to the FGF 
receptor. A variant, as referred to herein, is a 
20 polypeptide which is substantially homologous to a native 
FGF ligand, but which has an amino acid sequence different 
from that of the native ligand (from any vertebrate 
species) because of one or more deletions, insertions or 
substitutions. Alterations of the native amino acid 
25 sequence may be accomplished by any of a number of known 
techniques. See, for example, Molecular Cloning - A 
i#aboratory Manual, Sambrook, J., et al., eds.. Cold Spring 
Harbor Publications, Cold Spring Harbor, NY (1989) . 

Antibodies (either polyclonal or monoclonal) and 
30 antibody fragments such as F(ab)2 fragments can be produced 
that tare specific for (bind to) epitopes of FRL-2 or FRL-I 
polypeptides. See, for example, Harlow, E. and D. Lane 
(1988) Antibodies - A Laboratory Manual, Cold Spring Harbor 
Press, Cold Spring Harbor Laboratories, NY. These 
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antibodies can be used in immunoassays and diagnostically, 
- and can fimction as antagonists for treatment purposes. 
. The immunoassays can be used to . detect aiid/or quantitate 
antigens and antibodies where extreme sensitivity is 
5 required, and to monitor the progress of treatment in 

procedures employing modulators of FRL-2 or FRL-2 activity. 
The antibodies can be labeled or a second antibody that 
binds to the first antibody can be labeled by some physical 
or chemical means. The label can be an enzyme which can be 
10 assayed, a radioactive substance, a chromophore, or a 
f luorochrome. E. Harlow and D. Lane (1988), supra. 

There are also situations in which one may want to 
induce or enhance FGF-raediated phosphorylation by 
increasing either or FRL-l activity or providing an 

15 agonist of either of the ligands in vertebrate cells. The 
activity of FRL'2 or FRL-I in vertebrates could be . - 
important to the growth, maintenance, and aging of normal 
cells. Further, . modulation of FRL'2 or FRL-1 could be 
useful to prevent or treat tumor formation. Cells can be 
20 treated with FRL-2 or FRL-2 or their agonists, or with mRNA 
encoding these ligands or agonists to induce or enhance FGF 
•activity resulting in proliferation and/or differentiation 
of cells.. 

FGF antagonists have many potential therapeutic 
25 applications, such as the treatment of tumors and diseases 
or disorders of the neural system. FGF antagonists can be 
combined with a pharmaceutically acceptable diluent, 
adjuvant or carrier to form a pharmaceutical composition, 
and can be administered to vertebrates, including humans, 
30 either intravenously, subcutaneous ly, intramuscularly or 
orally. The required dosage will vary with the particular 
condition being treated, with the severity of the condition 
and with the duration of desired treatment. A 
therapeutically effective dose is one that will result in a 
35 partial or complete reduction of some or all of the adverse 
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symptoms of the disease or disorder. 

Angiogenin is a protein of 125 amino acid residues and 
is^ able to induce vascularization, including 
vascularization associated with the growth of tumors. 
5 Fett, et al. (1985) Biochemistry 24i 5280-5486. The cripto 
gene product is a protein of 188 amino acid residues that 
is expressed in undifferentiated teratocarcinoma cells. 
Ciccodicola/ et al., supra. The cripto gene is expressed 
differentially in the adult mouse as well as the developing 

10 embryo and the regulation of tumor cell growth has been 
suggested as at least one of its functions. Dono, et al., 
supra . , . ' 

Based on the embryonic expression patterns described 
herein and the knowledge of FGF receptors as prominent 

15 receptors in both the embryonic and. adult vertebrate body, 
it is clear that the FRL-2 and FRL-l gene products express 
important ligands that modulate growth and differentiation 
in the adult vertebrate animals. Thus, these genes and 
their products provide the means by which diseases and 

20 disorders of the vertebrate body resulting from excess 
activity or abnormal lack of activity of an FGF receptor 
can be detected and treated. Based on the known activities 
of angiogenin and the expression patterns of cripto, as 
well as the FRL-2 suid FRL-I temporal patterns of expression 

25 during embryogenesis, examples, of such activity may include 
inhibition of tumor growth, induction of neural, cell 
differentiation for repair and regeneration of the central 
and/or peripheral nervous system, induction of non-neural 
cell differentiation for repair and regeneration of other 

30 organs, and modulation of maintenance and aging of normal 
. cells . These processes can be carried out prenatally as 
well as in adults. 
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EXEMPLIFICATTQN 
Disclosed in this' Exemplification section are 
experiments which confirm a previously iinproven hypothesis 
that it may be possible to functionally express a tyrosine 
5 kinase receptor and its corresponding polypeptide ligand in 
the same yeast cell, leading to activation of the receptor 
and a substantial increase in intracellular tyrosine 
phosphorylation. More specifically, using African clawed 
frog Xenopus laevis FGF receptor and FGF genes as a model 

10 system, it has been demonstrated that tyrosine kinase 

activity is triggered by co-expression of its ligand gene 
in yeast cells, provided that the ligand is capable of 
entering the secretory pathway. This activation of FGF 
receptor was .detected by colony Western blotting which 

15 enables the screening of a large number. of yeast 

transf ormants of a cDNA library. By screening a Xenopus 
cDNA library with a yeast strain expressing FGF receptor, 
two genes encoding novel growth factor- like ligands were 
identified, which can activate the FGF receptor by 

20 conventional pathways. 



Materials and Methods 
i) Yeast strains 

A yeast Saccharomyces cerevisiae strain used in this 
study was PSY315 (Mat a, leu2, ura3 his3, lys2) . 

25 ii) Yeast transformation and media 

The LiCl method {Ito et al., J. Bacterid. 253: 167 
(1983) > was used for yeast transformation. Following media 
were used for yeast culture, YPD (1% yeast extract, 2k 
tryptone, 2% glucose), YPG (1% yeast extract, 2% tryptone, 

30 2% galactose), SD {0.067% yeast nitrogen base w/o amino 

acids, 2% glucose), and SG (0.067% yeast nitrogen base w/o 
amino acids, 2% galactose) . . 
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iii) Plasmids 
The vector plasmids pTS210 and pTS249 carry URA3 and 

LEU2,-. respectively, and both carry CEN4, GALl promoter and 
ACTl terminator. The piasmid pKNAl harbors LEU2, CEN4, 
ACTl promoter and ACT. 1 terminator. 

Two types of plasmids for expression of Xenopus bFGF 
(basic fibroblast growth factor) in yeast were constructed: 
One piasmid is constructed by cloning bFGF gene into pTS210 
(pTS-FGF) and a second piasmid is identical" to the first 
except that a signal sequence of S. cerevisiae invertase 
(Carlson et al. , Wol, Cell. Biol. 3: 439 (1983)) was 
inserted at the initiation codon of the bFGF gene (pTS- 
ssFGF) . For FGF receptor expression, the Xenopus, FGF 
receptor-1 gene (Musci et al., Proc. Natl. Acad. Sea. USA 
87: 8365 (1990)) was cloned into pTS249 and pKNAl (pTS-FGFR 
and pKN-FGFR, respectively) 

iv) Antibody 

Ant i-phospho tyrosine antibody 4G10 is purchased from 
Upstate Biotechnology Incorporated. 

20 v) Colony Western blotting 

Yeast transf ormants were plated on SD plates and 
incubated at 30**C for two days. Colonies were transferred 
onto two nitrocellulose membranes (Millippre HATF 082) . 
These membranes were placed colony- side up on SD and SG 

25 plates, and incubated overnight at 30®C. The membranes 
were placed on Whatman 3MM filter paper pre -soaked with 
lysis buffer (0.1% SDS, 0.2 M NaOH, 35 mM DTT) , and 
incubated at room temperature for 30 min. Colonies on the 
membranes were. rinsed off with water, then the membranes 

3 0 were inc\ibated in TBS -T (20 mM Tris-HCl pH 8.0, 15.0 mM NaCl, 
0.05% Tween-20)-2% BSA (sigma) for blocking on a shaker for 
one hour, then incubated in 1 :1, 000-diluted anti- 
phosphotyrosine antibody (in TBS-T with 2% BSA) for one 



10 
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hour, and subsequently washed three times in TBS-T. The 
blots were then incubated in 1:10, 000-diluted HRP (horse 
radish peroxidase) -conjugated goat anti-mouse Ig antibody 
(Bio-Rad) for. one hour, and washed three times. Detection 
5 was done with chemiluminescence reagents (Amersham, ECL) . 

vi) cDNA library 

The vector plasmid of the cDNA library is Xyes 
(Elledge et al,, Proc. Natl. Acad. Sci . USA 88: 1731 
(1991)), which carries URA3, CEN4, ARSl, GALl promoter and 
10 HIS3 terminator. Two sources of cDNA were used for library 
construction. One was made from Xenopus XTC cells, The 
other was made from Xenopus unfertilized eggs and 10 hour 
embryos. 

vii) Ca^* release assay 

15 The procedure for the Ca^* release assay described. in 

Amaya et aL. {Cell 66: 257 (1991)) was followed. Briefly, 
oocytes injected with certain ml^As transcribed in vitro 
were incubated for two days, then incubated with ^^Ca^"^ for 
three hours.. These oocytes were washed in ^^Ca^'*'-f ree 

20 medium, incubated in media for 10 minutes, followed by 
scintillation counting of the released radioactivity. 

viii) Partial purification of FRL-1 protein 

Yeast cells expressing the FRL- 1 gene , under control of 
GAL promoter were cultured in 1 L of YPG for eight hours 
^ 25 (about 2 X 10^^ cells) . Cells were collected and disrupted 
with glass beads in 20 ml of buffer A (20mM Tris-HCl (pH 
8.0), 1 mM EDTA, 1 mM PMSF) , containing 150 mM NaCl. Cell 
debris were removed by low speed centrifugation (3,000 x g 
for 5 minutes) . The supernatant was centrifuged at. 80,000 
30 X g for 20 minutes. The pellet was suspended in 5 ml of 
buffer A containing 1.2 M NaCl, then centrifuged with the 
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same condition. The resulting pellet was suspended in 2 ml 
of buffer A containing 1% Triton X-100, and centrifuged . 
with the same condition again. The supernatant was diluted 
20 fold in modified Earth's saline (Gurdon, Meth. Cell 
5 Biol. 16: 125 (1977)) containing 0.5 mg/ml BSA. 

Results and Discussion ' 

To test whether co-expression of a receptor-tyrosine 
kinase and its ligand leads to the activation of the kinase 
in yeast cells/ Xenopus laevis FGF receptor and bFGF were 

10 used as a model system. These genes were co-expressed in 
yeast cells under control of GALl promoter by co- 
transforming pTS-FGFR and pTS-FGF. In addition, bFGF fused 
with the SUC2 signal sequence (pTS-ssFGF) was also co- 
expressed with the FGF receptor gene because it is known 

15 that the bFGF gene does not have a signal sequence. 

To determine whether the tyrosine kinase is activated 
in these strains, whole cell extracts were analyzed by 
immunoblotting with anti-phosphotyrosine antibody. The 
following results were obtained: (1) Expression of either 

20 bFGF or ssFGF alone had no effect on the level of tyrosine 
phosphorylation. (2) Expression of the FGF receptor 
plasmid led to a substantial increase in tyrosine 
phosphorylation of several endogenous proteins. (3) Co- 
expression of FGF receptor and ssFGF dramatically increased 

25 tyrosine phosphorylation to a level that was several times 
higher than the phosphorylation level observed after 
expression of the FGF receptor alone. (4) Co-expression of 
the FGF receptor and bFGF without a signal sequence did not 
lead to any increase in phosphorylation above that obtained 

30 after expression of the FGF receptor alone, although the 
same levels of the FGF proteins in the. strains expressing 
the bFGF gene with and without the signal sequence are 
detected by immunoblotting with ant i- FGF antibody. FGF 
could not be detected in culture supematants, suggesting 



i 
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that the interaction was intracellular or periplasmic. 

These findings demonstrate that it is possible to 
functionally cb-express the FGF receptor and bFGF in yeast 
in such a way that they can interact productively in an 
5 autocrine manner and thereby lead to an increase in the 
FGF-receptor mediated phosphorylation of endogenous yeast 
proteins. bFGF with a signal sequence appears, to interact 
, with the extracellular domain of the FGF receptor on the ' 
cell surface or in internal membrane compartments, while 

10 bFGF without a signal sequence localizes in the cytoplasm 
and cannot interact with the receptor. ' 

For screening of a large number of yeast 
transformants, a colony Western blotting method (Lyons and 
Nelson, Proc. Natl. Acad. Sci. USA 81: 7426 (1984)) was 

15 developed. Yeast transforraants expressing bFGF (with or 
without the signal sequence) and/or FGF receptor were 
plated on a glucose plate. Colonies were transferred to a. 
filter and the filter was then placed on a galactose plate 
to induce bFGF expression. After overnight incubation, 

20 cells on the filter were lysed said the level of tyrosine 
phosphorylated proteins in each colony was determined by- 
probing with anti-phosphotyrosine antibodies. The results 
of this experiment were essentially the same as those 
described above. That is, expression of the FGF receptor 

25 led to an increase in the level of tyrosine phosphorylation 
that was substantially augmented when bFGF containing a 
signal sequence was co-expressed, but not when bFGF lacking 
a signal sequence was co-expressed. These results indicate 
that the colony Western blotting method is sensitive and 

30 can be used to rapidly and easily screen thousands of 
different yeast colonies. 

Several promoters have been tested for the expression 
. of the FGF receptor gene. in order to optimize the detection 
of its activation by colony Western blotting. They 

35 included the GALl, ACTl (actin; Gallwitz et al., Nucl. 
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■\ Acids Rek. 5: 6339 (1981)), GPDl (glyceraldehyde-3- 
. phosphate dehydrogenase; Bitter and Egan, Gene 32: 26.3 
(1984)) and TUBl (a-tiibulin; Schatz et_al., Mol.^ Cell. 
Biol. 6: 3711 (1986)) promoters. Among them, the ACTl 
5. promoter was determined to "be most suitable. FGF receptor 
gene expression driven by GALl promoter proved very high, 
leading to high levels of tyrosine phosphorylation even in 
the aJssence of FGF. while the TUBl promoter was extremely 
weak, such that FGF receptor activation by FGF could not be 
10 detected. Under the control of the GPDl promoter, 
expression of the FGF receptor gene was repressed by 
galactose -containing media, on the Other hand, the ACTl 
promoter gave similar levels of FGF receptor gene, ■ 
expression. in galactose- and in glucose -containing media, . 
15 and levels of tyrosine phosphorylation were low in the 
absence of FGF, but significantly increased by expression 
of ssFGF. For these- reasons, the ACTl promoter was used 
for the cDNA screening eaiperiment described below. 

The above results encouraged further attempts to use 
20 this method to identify novel ligands for tyrosine kinase 
receptors. As a first step, the method was used to " 
identify new ligands for the FGF receptor.-^ The purpose of 
this experiment is two- fold: first,, to determine whether 
this system can be used to identify genuine FGF genes, and 
25 second, to isolate, previously unidentified activators of 

the FGF receptor. 

The procedure followed is outlined diagrammatically in 
Figure ^1. Yeast cells expressing the FGF receptor were 
transformed with a cDNA library expected to contain FGF 

30 gene family members. Since bFGF (Kimelman et al.. Science 
242: 1053 (1988)), embryonic FGF (Isaacs et al.. 
Development 114: 111 (1992.)) and int-2/FGF3 (Tannahill, et 
al.. Development 115: 695 (1992)) are known to be expressed 
in Xenppus embryos, we used a cDNA library made from mRNA 

35 isolated from XenopuB eggs and embryos (egg library) . A 
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library made from XTC cells was also used (XTC library) . 

150,000 and 25|000 transformants were obtained from 
the egg and XTC libraries, respectively.. In the first 
screening by colony Western blotting with an anti- 
5 phospho tyrosine antibody, 65 and 29 candidates were 
identified, and by the second screening, nine and two^ 
transformants were found to be positive (egg and XTC 
library, respectively) . Plasmid DNA in each transformant 
was rescued, and re -transformed into yeast strains with and 

10 without the FGF receptor gene in order to test whether the 
positive signal is dependent on expression of the FGF 
receptor gene . Only one plasmid rescued from one of the 
egg- library transformants was found to be positive even in 
the absence of the receptor gene expression. The other 

15 genes increased tyrosine phosphorylation only when the FGF. 
receptor gene was co-expressed. 

The DNA^ sequence of the genes present on these 
plasmids was determined (Table 1) . Two genes encoded 
peptide factors with putative signal peptide sequences. 

20 One gene, designated FRL'2 (Figure 3, SEQ ID N0:1), encodes 
a protein (Figure 4, SEQ ID N0:2) , with some homology to 
bovine angiogenin (SEQ ID NO: 5) and Chinese hamster 
pancreatic ribonuclease A (SEQ ID NO: 6) (about 30% 
identity; (Maes, et al., FEBS Letters 241: 41 (19B8) ; Haugg 

25 and Schein, Nucl. Acids Res. 20t 612 (1992)). See Figure 
5. The other gene, FHL-1 (Figure 6, SEQ ID NO: 3), is 
homologous to cripto, which is an EGF family member, 
identified in both mouse and human (about 30% identity; 
Ciccodicola et al., EMBO J. 8: 1987-1991 (1989); Dono et 

30 al. , Development 118: 1157 (1993)). The FRL-l gene product 
(Figure 7, SEQ ID NO: 4) is compared to mouse cripto (SEQ ID 
NO: 7) in Figure 8. Angiogenin, like FGF, is an 
angiogenesis -promoting factor. Cripto is suggested to have 
a role in mesoderm by virtue of its embryonic localized 

35 induction. Receptors for angiogenin and cripto have not 
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' yet been identified. Based on these findings, FRL'2 and 
FRL-I gene products are "revealed to be novel ligands of the 

FGF. receptor. _ , _ 

The predicted cleavage sites, the glycosylation sites, 
5 and the hydrophobic regions at the C-terminus of the FRL*1 
and FjRL-2 proteins is shown in Figure 11. Highly- conserved 
amino acid residues in the EGF repeat of the FRL-l protein 
. are indicated in Figure 12. 

The XT2 encodes a putative protease homologous to 

iO cathepsin L (58% identity with human cathepsin L; Joseph et 
al., J. Clin. Invest. 81: 1621 (1988); Gal and Gottesman, 
Biochern. J. 253: 303 (1988).). This protease might cleave 
the FGF receptor in yeast cells, and the cleaved fragment 
mi ght have an elevated tyrosine kinase activity. EGl was 

15 previously identified in Xenopus laevis as a heterogeneous 
ribonucleoprotein (Kay et al., Proc. Natl. Acad. Sci. USA 
87: 1367 (1990)). EG3 has an RNA recognition motif found 
in many RNA binding proteins (Kim and Baker, Mol. Cell. 
Biol. 13: . 174 (1993)) . These RNA binding proteins might 

20 increase synthesis of FGF receptor protein by increasing 
the efficiency of transcription or translation. Elevated 
expression induces autophosphorylation. 

EG4 encodes a novel 96 kDa protein. Recently, a gene 
similar to EG4 was found in C. elegans (39% identity) , but 

25 its function is unknown {Wilson et al., Nature 368: 32 
(1994)) . The plasmid which was positive even in. the 
absence of the FGF receptor gene harbored a gene encoding a 
putative tyrosine kinase homologous to mouse cytoplasmic 
tyrosine kinase FER (Hao et al., Mol. Cell. Biol. 9: 1587 

30 (1989)). 

FRL'2 and FRL-l, which have been identified as 
activators of the FGF receptor in yeast, were tested to 
determine whether they could also activate the FGF receptor 
expressed in higher eukaryotic cells. Since it is known 

35 that the activation of FGF receptor in Xenopus oocytes is 
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iinked to a rapid Ca^"*" release from internal stores 
(Johnson et al\ , Mol. Cell. Biol. 10: 4728 (1990) ) , Ca}" 
■ release assays were performed with Xenopus oocytes 
expressing FGF receptor (Figure 9). 

.5 As for FRL'l,. the FRL-l protein was partially purified 

tagged with a flag epitope expressed. in yeast. The oocytes 
expressing FGF receptor were labeled with ^Ca^* treated 
with FRL-1, followed by Ca^* release assay. It was fovr.d 
that Ca release 'was stimulated by treatment of partially 

10 purified FRL-1 protein. . 
. As for FRL''2, this protein has not been expressed 
efficiently. enough to purify the protein, so instead, FRL^2 
mRNA was co-injected with FGF receptor mRNA into oocytes. 
If FRL-2 protein activates the FGF receptor in oocytes, it 

15 is expected that the FGF receptor would be constitutively 
activated by the continuous synthesis of FRL-2 protein, and 
that the basal level of Ca^* .efflux in the co-injected 
oocyte would be higher thaui in oocytes injected FGF 
receptor mRNA alone. Ca^* efflux of labeled oocytes was 

20 measured, and it was found that co-injection of jF7^-2 and 
FGF receptor mRNAs increased Ca^"^ release two- fold more 
than the injection of FGF receptor message alone. Co- 
, injection of bFGF and FGF receptor mRNA increased Ca^* 
release three- fold. FRL-2 or bFGF mRNA alone did not 

25 increase Ca^* release. 

These results demonstrate that FRL-2 and FRL-I can 
activate FGF receptor expressed in Xenopus oocytes, and 
that these proteins synthesized in vivo can work as 
activators of FGF receptor. 
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Table 1 Genes Which Increase Protein-Tyros iiie Phosphorylation - in Yeast 
Cells- Expressing FGP Receptor. 



gene FGF receptor gene product frequency 

dependency of isolation 



1) secreted proteins 

pja,'2 homologous to angiogenin and RNaseA 1 

jTRL^l + cripto (EGF-like growth factor) 4 

10 XT2 + 58% identical to human cathepsin h 1 

2) RNA binding proteins 

EGl + heterogeneous ribonucleoprotem 2 

. EG3 + . RNA binding protein 1 

3) a novel protein 

15 EG4 + novel 96 kd protein . " 1 

4) FGF-receptor independent 

EG5 - cytoplasmic tyrosine kinase TER 1 



The temporal expression patterns of FRL-2 and FRL-l 

20 during embryogenes is both suggest important effects on. the 
embryo. Both ligands induce mesoderm and convergent 
extention in animal caps. FRL-1 is also able to induce 
neural tissues in animal caps, FRL-2 is expressed late in 
development, especially at about stage 27 to about stage 38 

25 of development. (For a description of stages, see Nieucoop 
and Faber (1994) Nozwal Table of Xenopus laevis, North- 
^ Holland Publishing Co., Amsterdam.) This is indicative of 
strong effects on the formation of the brain, neural tube 
and somites. FRL-1 is expressed briefly during 

30 gastrulation {stages 9 through 13), suggesting a role in 
the development of the mesoderm and nervous system. Murine 
cripto transcripts show a veiry restricted expression 
pattern during embryogenesis, first in the epiblastic cells 
that give rise to the mesoderm, then in the fonning 

35 mesoderm, and later in the developing heart. Dono, et al. 
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(1993) Development IIS:1157-1168 . . . 

Ecruivalents ' - _ „ 

Those skilled -in the art. will recognize, or be able to 
ascertain using no more than routine experimentation, many 
5 equivalents to the specific embodimerxts of the invention 
described specifically herein.. Such equivalents are 
intended to be encompassed in the scope of the following 
claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 



(i) APPLICANT/INVENTOR: Kirschner W.. 

Kinoshita, Noriyuki 

(A) NAME: President and Fellowe of Harvard College 

(B) STREET: 124 Mount Auburn Street 

(C) CITY: Cambridge 

(D) . STATE/PROVINCE: Massachusetts . 

(E) COUNTRY: USA 

(F) POSTAL CODE/ZIP: 02138-5701 



(ii) TITLE OF INVENTION: RECEPTOR- LIGAND ASSAY 
(iii) NUMBER OF SEQUENCES: 17 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Hamilton, Brook, Smith .& Reynolds, P.C. 

(B) STREET: Two Militia Drive 

(C) CITY: Lexington 

(D) STATE: Massachusetts 

(E) COUNTRY: USA- . > 

(F) ZIP: 02173 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

{D} SOFTWARE: Patentin Release #1.0, Version #1.30 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/279,217 

(B) FILING DATE: 22-JUL-1994 
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(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/441,629 

(B) FILING DATE: 15-MAY-1995 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Granahan, Patricia 

(B) REGISTRATION NUMBER: 32,227 

(C) REFERENCE/DOCKET NUMBER: HU95-01A 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (617) 861-6240 

(B) TELEFAX: (617) 861-9540 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 809 base pairs 

(B) TYPE: nucleic acid 

(C) S.TRANDEDNESS : double. 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0.:1: 

^ ..." 

ACCAAAAGAA CGACAGAACG AAGGAAAGAC AGAGACAGTC CTTGTTTTAA GACTCCAGGG 60 

GAATTTACGT CTAATAAAGA GAAGAGAGGC ATTGTATGCT TGACATTATG GTGGCAGTTT 120 

TATCTTCTCT GTTGACAATT TGCATTATCC TCAGCTTTTC TCTCCCATCC GATACCCAGA 180 

ATATCAATGC CTTTAT6GAA AAGCACATTG TTAAGGAAGG AGCTGAAACA AACTGCAACC 240 

AAACCATCAA AGACAGAAAC ATCCGGTTTA AAAACAACTG CAAATTCCGC AACACCTTTA 300 

TTCATGATAC CAATGGTAAA AAGGTGAAGG AGATGTGCGC TGGGATTGTC AAATCTACCT 360 
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TTGTGATCAG CAAGGAACTG CTGCCTCTCA CTGACTGCTT GTTGATGGGA CGTACTGCAA • 420 

GACCCCCAAA TTGTGCTTAT AATCAAACAA 6AACAACTGG GGTCATTAAT ATCACTTGTG 4 BO 

AAAACAATTA CCCTGTGCAC TTTGCTGGGT ACAAATCAAG CTTCTGTGCT TCATATTCTC 540 

CATGTGCCTT AATAGTAATA ACTGTTTTCC TGCTCAGCCA GCTACTGCTC CCTGCTATGA 600 

GATGATGCCC AGAAACGGGA GTATCAATAG CTAAAACTAG AAGGACTGAT AGTGATGGAT 660 

GATTGTTCCT AAGTCATTTA GAGATCTACC TGTGTTCACT TCCAAACAAA GAAGACATAG 720 

GTATAATTGA ATCAACCGTG ACATAGACTG ACTTCTAAAT AATAAAAGCA ACATTTTCTG 7 BO 

TTTTAACAAA AAAAAAAAAA AAAAAAAAA B09 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 169 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: peptide 

(xi) SEQXJENCE DESCRIPTION: SEQ ID NO: 2: 

Met Leu Asp He Met Val Ala Val Leu Ser Ser Leu Leu Thr He Cys 

1 5 10 ,15 

He He Leu Ser Phe Ser Leu Pro Ser Asp Thr Gin Asn He Asn Ala 
20 25 . 30 

Phe Met Glu Lys His He Val Lys Glu Gly Ala Glu Thr Asn Cys Asn 
35 40 45 

Gin Thr He Lys Asp Arg Asn He Arg Phe Lys Asn Asn Cys Lys Phe 
SO 55 60 
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Arg Aan Thr Phe lie His Asp Thr Asn Gly Lys Lys Val Lys Glu Met 
65 70 * 75 . 80 

Cys Ala Gly lie Val Lys Ser Thr Phe Val lie Ser Lys Glu Leu Leu 
85 90 . 95 - 

Pro Leu Thr Asp Cys Leu Leu Met Gly Arg Thr. Ala Arg Pro Pro Asn 
100 105 ^ 110 

Cys Ala Tyr Asn , Gin Thr Arg Thr Thr Gly Val lie Asn lie Thr Cys 
115 120 125 

Glu Asn Asn Tyr Pro Val His Phe Ala Gly Tyr Lys Ser Ser Phe Cys 
130 135 140 

Ala Ser Tyr Ser. Pro Cys Ala Leu lie Val lie Thr Val Phe Leu Leu 
145 150 155 160 

Ser Gin Leu Leu Leu Pro Ala Met Arg 
165 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1633 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

ATTTACCACC GACCGTTACA CCTGGTTTTT GCTAAGGACA CATTCAATAC AAGAACTAAA 60 

AGTGGGAAAC TQGGGCCTTT GCAGAAAACA ATGCAGTTTT TAAGATTTCT TGCCATCCTT 120 

ATTTTCTCTG CTAAACATTT TATCAAQCAT TGCAAAGGTG AAACTTGCAT GGGACTGAAC 180 

TGTAATGACC CAAGGTTATT GGAGGCAATT AAGAGCAACA CAATCAATCA GCTCTTGCAT 240 

GATACAATTA ATGCCACCCA TGGAAAGAGT CCACCAAAAT CCACTAAAAC CTTGCCCTTC 300 
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TTGGGTATCA CAGACAGTAA GAAATTGAAT AGAAAATGCT GTCAGAATGG AGGCACTTGT 360 

TTCTTGGGGA CCTTTT6CAT CTGCCCTAAG CAATTTACTG GTCGGCACTG TGAACATGAA . 420 

AGGAGGCCAG CAAGCTGGTC CGGTGTTCCC CATGGAGACT GGATCCGTCA GGGCTGCTTG 480 

CTGTGTAGAT GTGTGTCTGG TGTCCTACAC TGCTTCAAGC CCGAGTCTGA GGACTGTGAT i540 

GTTGTGCATG AAAAAAACAT GAGATCGGGG GTCCCGAGAA TGCAGCTCAG CTTAATCATC 600 

TATTGCTTCC TTACTGCAAA CTTGTTTTAC CACATAGTTT GGCATCTGAA TATTGGACTT 660 

TAACAGAGTA ACTTGAGTCT GCCAGTCAGG TTCAGATTGC AGACGTCTGT GTCTACACTG 720 

CACTTTCAAT TTGTGAACCC ATTTT G CCAG GATTATGCTT GAAGTATATG GCTATCTTCC 7B0 

ACCCCTGGAA TCCTGGAAAA TATGCAGAAA CTATACAATG CCTTATTTCT ATTGGTTGTT 840 

TCATAAAATA ACTTTTTTTA TAGGATGATG TGTATAGTGG CCAGAATGGG TTTACAGTAC 900 

TTCCAAGCAC TGGCGTTGGT TCAAAATAGC TACTGGGTTC TTGCTCTTTG CTGCATGTTG 960 

AGATCAGGAA GCTAGTCTTA TACTTACCCA GTGCATTCTG TATATATGTA AATTTTATTA 1020 

ACTTATTAGA CACGTTGTAC ATTAACAGCA TCCTTCACAA ACTTTTATTT TTTTTTAATT .1080 

TTTTTATTAA TTGACAAAGA GAACAAAGTA TCTAGGAACA TTTTACAAAT ATTGTCCTAC 1140 

TACATTGCAT GTTGTGGTTC TTGTTTGTAT GTTTGTCCTG ATCTTCTACA ATGTATCCCT 1200 

AGCCATAAAA CGATTTTGTG AGT6TGTGTG TGTGACTGCA TCCCATTTTA TTCATTATGC 1260 

AAACACTTTG CAAATGATTG TGCAGCAATG TAAGTGCTA6 CCTGTGGTCA ACAGTGCTGA 1320 

ATGTAAATCT TGGAGCGGTG ATATCAGCAT GCTTATGGAG GCTCAATAAC CTTGGTCTTG 1380 

CCCCTTTAAA TTCTATTTTT CTACGGGCAA GTAAATCTAA ACTGGTAAAG TACCTTCTTT 1440 

TAAGGAAATG AATCACTGAA TGTTATAATT CCAGTTTCAG GCCACAGACA ATTAATGACA 1500 

GCTCAGGGAA TAATACAATT GCCCATGTTT GATGCACCTA ATGTACTGTA TGTATTACAG 1560 
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GGTGTCTGCT TGATGTTTGC AATGAAGACA TTAAATACTG. TACCTAAAAG AAAAAAAAAA 1620 



AAAAAAAAAA AAA 1633 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 190 amino acids 
(B> TYPE: amino acid 
(G) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 



Met Gin Phe Leu Arg Phe Leu Ala lie Leu lie Phe Ser Ala Lys His 

1 5 .10 .15 

Phe lie Lys His Cys Lys Gly Glu Thr Cys Met Gly Leu Asn Cys Asn 
20 25 . 30 

Asp Pro Arg Leu Leu Glu Ala lie Lys. Ser Asn Thr lie Asn Gin Leu 
35 40 45 

Leu His Asp Thr lie Asn Ala Thr His Gly Lys. Ser Pro Pro Lys Ser 
50 55 60 



Thr Lys Thr Leu Pro Phe Leu Gly lie Thr Asp Ser Lys Lys Leu Asn 
65 70 75 80 

Arg Lys Cys Cys Gin Asn Gly Gly Thr Cys Phe Leu Gly Thr Phe Cys 
85 90 95 

lie Cys Pro Lys Gin Phe Thr Gly Arg His Cys Glu His Glu Arg Arg 
100 105 . 110 

Pro Ala Ser Cys Ser Gly Val Pro His Gly Asp Trp lie Arg Gin Gly 
115 120 125 
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Cys Leu Leu Cys Arg Cys Val Ser Gly Val Leu His Cys Phe Lys Pro 
130 135 140 

'"" Glu Ser Glu Asp Cys Asp Val Val His Glu Lys Asn Met Arg Ser Gly * 
145 150 ISS 160 

Val Pro Arg Met Gin Leu Ser Leu He He Tyr Cys Phe Leu Thr Ala 
165 170 175 

Asn Leu Phe Tyr His He Val Trp His Leu Asn He Gly Leu 
180 185 190 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 124 amino acids 

(B) T^E: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(iif MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5:' 

Ala Gin Asp Asp Tyr Arg Tyr He His Phe Leu Thr Gin His Tyr Asp 
1 5 10 15 

Ala Lys. Pro Lys Gly Arg Asn Asp Glu Tyr Cys Phe Asn Met Met Lys 
20 25 30 . 

Asn Arg Arg Thr Arg Pro Cys Lys Asp Arg Asn Thr Phe He His Gly 
35 40 45 

Asn Lys Asn Asp He Lys Ala He Cys Glu Asp Arg Asn Gly Gin Pro 
50 . 55 60 

Tyr Arg Gly Asp Leu Arg He Ser Lys Ser Glu Phe Gin He Thr He 
65 70 75 80 
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Cys Lys His Lys Gly Gly Ser Ser Arg Pro Pro Cys Arg Tyf Gly Ala 
85 90 ' 95 

Thr Glu Asp Ser Arg Val lie Val Val Gly Cys Glu Asn Gly Leu Pro 
100 105 110 , 

Val His Phe Asp Glu Ser Phe lie Thr Arg Pro His 
, 115 120 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 131 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Val Gin Pro Ser Leu Gly Lys Glu Ser Ala Ala Met Lys Phe Glu Arg 
1 .5 10 . 15 

Gin His Met Asp Ser Thr Val Ala Thr Ser Ser Ser Pro Thr Tyr Cys 
20 25 30 ^ 

Asn Gin. Met Met Lys Arg Arg Asn Met Thr Gin Gly Gin Glu Cys Lys 
35 - 40 45 ' 

Pro Val Asn Thr Phe Val His Glu Ser Leu Ala Asp Val His Ala Val 
50 55 60 

Cys Ser Gin Glu Asn Val Lys Cys Lys Asn Gly Lys Ser Asn Cys Tyr 
65 70 ' 75 80 

Lys Ser His Ser Ala Leu His lie Thr Asp Cys Arg Leu Lys Gly Asn 
85 90 95 
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Ala Lys Tyr Pro Asn Cys Asp Tyr Gin Thr Ser Gin His. Gin Lys His 
100 105 - 110 

lie lie Val Ala Cys Glu Gly Asn Pro Phe Val Pro Val His Phe Asp 
115 120 .125 

Ala Thr Val 
130 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 160 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single . ' 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Gly Tyr Phe Ser Ser Ser Val Val Leu Leu Val Ala lie Ser Ser 
1 5 10 15 

Ala Phe Glu Phe Gly Pro Val Ala Gly Arg Asp Leu Ala lie Arg Asp 
20 25 . 30 

Asn Ser lie Trp Asp Gin Lys Glu Pro Ala Val Arg' Asp Arg Ser Phe 
35 40 45 

Gin Phe Val Pro Ser Val Gly lie Gin Ash Ser Lys Ser Leu Asn Lys 
50 55 60 

Thr Cys Cys Leu Asn Gly Gly Thr Cys lie Leu Gly Ser Phe Cys Ala 
65 70 75 80 

Cys Pro Pro Ser Phe Tyr Gly Arg Asn Cys Glu His Asp Val Arig Lys 
85 90 95 
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Glu His Cys Gly Ser lie Leu His Gly Thr Trp Leu Pro Lys Lys Cys 
100 105 110 

Ser Leu Cys Arg Cys Trp His Gly Gin Leu His Cys Leu Pro Gin Thr 
115 120 ; 125 

Phe Leu Pro Gly Cys Asp Gly His Val Met Asp Gin Asp Leu Lys Ala 
130 135 ' 140 

Ser Arg Thr Pro Cys Gin Thr Pro Ser Val Thr Thr Thr Phe Met Leu 

145 ' 150 . 155 160 



(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE characteristics; 

(A) LENGTH: 150 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Met Ala Ala Gly Ser lie Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly 
1 5 10 15 

Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu 
20 25 30 

Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg lie His Pro Asp Gly Arg 
35 40 45 

Val Asp Gly Val Arg Glu Lys Ser Asp Pro His lie Lys Leu Gin Leu 
50 55 60 

Gin Ala' Glu Glu Arg Gly Val Val Ser lie Lys Gly Val Cys Ala Asn 
65 70 75 80 
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Arg Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys 
85 90 . 95 

Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr 
100 . ' 105 110 



Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys 
115 120 125 

Arg Thr Gly Gin Tyr Lys Leu Gly Ser Lys . Thr Gly Pro Gly Gin Lys 
130 135 .140 

Ala He Leu Phe Leu Pro 
145 150 

(2) INFORMATION FOR.SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 149 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNE5S: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Met Ala Glu Gly Glu Thr Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe 
1 5 10 15 

Asn Leu Pro Leu Gly Asn Ty^^ Lys Lys Pro Lys Leu Leu Tyr Cys Ser 
20 25 30 

Asn Gly Gly Tyr Phe Leu Arg He Leu Pro Asp Gly Thr Val Asp Gly 
35 40 . 45 

Thr Lys Asp Arg Ser Asp Gin His He Gin Leu Gin Leu Cys Ala Glu 
50 55 60 
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Ser lie Gly Glu Val Tyr He Lys Ser Thr Glu Thr Gly Gin Phe Leu 
65 70 . . 75 ^ 80 

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gin Thr Pro Asn Glu 
85 90 - 95 

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr 
100 105 110 

He Ser Lys Lys His Ala Glu Lys His Trp Phe Val Gly Leu Lys Lys 
lis 120 125 

Asn Gly Arg Ser Lys Leu Gly Pro Arg Thr His Phe Gly Gin Lys Ala 
130 135 140 

He Leu Phe Leu Pro - 
145 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 206 amino acids 

(B) .TYPE: amino acid 

(C) STRANDEDNESS: single , 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Ser Gly Pro Gly Thr Ala Ala Val Ala Leu Leu Pro Ala Val Leu 
1 5 10 15 

Leu Ala Leu Leu Ala Pro Trp Ala Gly Arg Gly Gly Ala Ala Ala Pro 
20 25 3b 

Thr Ala Pro Asn Gly Thr Leu Glu Ala Glu Leu Glu Arg Arg Trp Glu 
35 40 45 
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ser Leu Val Ala Leu Ser Leu Ala Arg .Leu Pro Val Ala ^Ala Gin Pro 
50 55 . . 60 .. . 

Lys Glu Ala Ala Val Gin Ser Gly Ala Gly Asp Tyr Leu Leu Gly lie 
65 70 ' 75 .80 

Lys Arg Leu Arg Arg Leu Tyr Cys Asn Val Gly lie Gly .Phe His Leu 
65 V 90 95 . 

Gin Ala Leu Pro Asp Gly Arg lie Gly Gly Ala His Ala Asp Thr Arg 
100 • .105 110 

Asp Ser Leu Leu Glu Leu Ser Pro Val Glu Arg Gly Val Val Ser lie 
115 120 125 

Phe Gly Val Ala Ser Arg Phe Phe Val Ala Met Ser Ser Lys Gly Lys 
130 135 140 • 

Leu Tyr Gly Ser Pro Phe Phe Thr Asp Glu Cys Thr Phe Lys Glu lie 
145 150 155 160 

Leu Leu Pro Asn Asn Tyr Asn Ala Tyr Glu Ser Tyr Lys Tyr Pro Gly 
165 170 175 

Met Phe lie Ala Leu Ser Lys Asn Gly Lys Thr Lys Lys Gly Asn Arg 
180 1B5 190 . 

Val Ser Pro Thr Met Lys Val Thr His Phe Leu Pro Arg Leu 
195 200 205 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 187 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS:^ single 

(D) TOPOLOGY:, linear , 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 11: 

Met Thr Val Pro Ser Ala Leu Val Pro lie Leu Leu Leu Gly Thr Ala 
1 5 10 15 

Ala Val Met Val Gin Cys Leu Pro Leu Ser Phe Gin Arg Asn Asp Thr 
20 25 30 

Val Glu Arg Arg Trp Glu Thr Leu Phe Ser Arg Ser Met Gly Glu Lys 
35 40 45 

Lys Asp Thr Ser Arg Asp Ser Asp Tyr Leu Leu Gly lie Lys Arg Gin 
50 .55 60 

Arg Arg Leu Tyr Cys Asn Val Gly He Gly Phe His He Gin Val Leu 
65 70 75 80 

Pro Asp Gly Arg He Asn Gly Met His Ser Glu Asn Arg Tyr Ser Leu 
85 90 95 

Leu Glu Leu Ser Pro Val Glu Val Gly Val Val Ser Leu Tyr Gly Val 
100 105 , lib 

Lys Ser Gly Met Phe Val Ala Met Asn Ala Lys Gly Lys Leu Tyr Gly 
115 120 125 

Ser Arg Tyr Phe Asn Glu Glu Cys Lys Phe Lys Glu Thr Leu Leu Pro 
130 135 , 140 

Asn Asn Tyr Asn Ala Tyr Glu Ser Arg Lys Tyr Pro Gly Met Tyr He 
145 150 155 160 

Ala Leu Gly Lys Asn Gly Arg Thr Lys Lys Gly Asn Arg Val Ser Pro 
165 170 175 

Thr Met Thr Leu Thr His Phe Leu Pro Arg He 
180 185 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
' "^^ ' ' (A) LENGTH: 198 amino acids^ * " ' * ^ * ^ - 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein . ^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Met Ser Arg Gly Ala Gly Arg Leu Gin Gly Thr Leu Trp Ala Leu Val 
1 5 10 15 

Phe Leu Gly He Leu Val Gly Met Val Val Pro Ser Pro Ala Gly Thr 
20 25 .30 

Arg Ala Asn Asn Thr Leu Leu Asp Ser Arg Gly Trp Gly Thr Leu Leu 
35 .40 45 

Ser Arg Ser Arg Ala Gly Leu Ala Gly Glu lie Ala Gly Val Asn Trp 
50 55 60 

Glu Ser Gly Tyr Leu Val Gly He Lys Arg Gin Arg Arg Leu Tyr Cys 
65 70 75 80 

Asn Val Gly He Gly Phe His Leu Gin Val Leu Pro Asp Gly Arg He 
85 .90 95 . 

Ser Gly Thr His Glu Glu Asn Pro Tyr Ser Leu Leu Glu He Ser Thr 
100 105 110 

Val Glu Arg Gly Val Val Ser Leu Phe Gly Val Arg Ser Ala Leu Phe 
115 120 .125 

Val Ala Met Asn Ser Lys Gly Arg Leu Tyr Ala Thr Pro Ser Phe Gin 
130 135 140 
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Glu Glu Cys Lys Phe Arg Glu Thr Leu Leu Pro Asn Asn Tyr Asn Ala 
145 150; . 155 160 

Tyr Glu Ser Asp Leu Tyr Gin Gly.Thr.Tyr He Ala Leu Ser Lys Tyr. 

165 170 175 

Gly Arg Val Lys Arg Gly Ser Lys Val Ser Pro He Met Thr Val Thr 
180 185 190 

His Phe Leu Pro Arg He 

195 ■ . / ; 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 amino acids 

(B) TVPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear ; 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Met Ser Leu Ser Phe Leu Leu Leu Leu Phe Phe Ser His Xjeu He Leu 

. 1 5 ^ 10 \ 15 

Ser Ala Trp Ala His Gly Glu Lys Arg Leu Ala Pro Lys Gly Gin Pro 
20 25 30 

Gly Pro Ala Ala Thr Asp Arg Asn Pro He Gly Ser Ser Ser Arg Ser 
35 40 45 

Ser Ser Ser Ala Met Ser Ser Ser Ser Ala Ser Ser Ser Pro Ala Ala 
50 55 60 

Ser Leu Gly Ser Gin Gly Ser Gly Leu Glu Gin Ser Ser Phe Gin Trp 
65 70 75 80 



BNSDOCID: <W0 ^9603499A1_L> 



wo 96/03499 



PCT/US95/09172 



-54- 

Ser Pro Ser Gly Arg Arg Thr Gly Ser Leu. Tyr Cys Arg Val Gly lie 

85 . . . 90 95 

Gly Phe His Leu Gin lie Tyr Pro Asp Gly Lys Val Asn Gly Ser His 
100 105 110 

Glu Ala Asn Met Leu Ser Val Leu Glu lie Phe Ala Val Ser Gin Gly 
115 120 . 125 

He Val Gly He Arg Gly Val Phe Ser Asn Lys Phe Leu Ala Met Ser 
130 135 140 

Lys . Lys Gly Lys Leu His Ala Ser Ala Lys Phe Thr Asp Asp Cys Lys 
145 150 155 160 

Phe Arg Glu Arg Phe Gin Glu Asn Ser Tyr Asn Thr Tyr Ala Ser Ala 
.165 170 175 

He His Arg Thr Glu Lys Thr Gly Arg Glu Trp Tyr Val Ala Leu Asn 
180 185 190 

Lys Arg Gly Lys Ala Lys Arg Gly Cys Ser Pro Arg Val Lys Pro Gin 
195 200 205 

His He Ser Thr His Phe Leu Pro Arg Phe Lys 
210 215 



(2) INFORMATION. FOR SEQ ID NO: 14: 

( i ) SEQXJENCE CHARACTERISTICS : 

(A) LENGTH: 190 amino acids 

(B) TYPE: amino acid 

(C) iSTRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14.: 

Met His Lys Tip lie Leu Thr Trp lie Leu Pro Thr Leu Leu Tyr Arg 

./I.. - . 5_ 10 .... 15 

Ser Cys Phe His lie lie Cys Leu Val Gly Thr lie Ser Leu Ala Cys 
20 25 30 

Asn Asp Met Thr Pro Glu Gin Met Ala Thr Asn Val Asn Cys Ser Ser 
35 40 45 

Pro Glu Arg His Thr Arg Ser Tyr Asp Tyr Met Glu Gly Gly Asp He 
50 55 60 

Arg Val Arg Arg Leu Phe Cys Arg Thr Gin Trp Tyr Leu Arg He Asp 
65 ,70 75 80 

Lys Arg Gly Lys Val Lys Gly Thr Gin Glu Met Lys Asn Asn Tyr Asn 
85 90 95 

He Met Glu He Arg Thr Val Ala Val Gly He Val Ala He Lys Gly 
100 105 ^ 110 

Val Glu Ser Glu Phe Tyx Leu Ala Met Asn Lys Glu Gly Lys Leu Tyr 
lis 120 125 

Ala Lys Lys Glu Cys Asn Glu Asp Cys Asn Phe Lys Glu Leu He Leu 
130 135 ^ 140 ' 

Glu Asn His Tyr Asn Thr Tyr Ala Ser Ala Lys Trp Thr His Asn Gly 
145 150 155 160 

Gly Glu Met Phe Val Ala Leu Asn Gin Lys Gly He Pro Val Arg Gly 
165 170 175 

Lys Lys Thr Lys Lys Glu Gin Lys Thr Ala His Phe Leu Pro 
180 185 190 
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(2) INFORMATION FOR SEQ ID NO: 15: 

U)^ SEQUENCE CHARACTERISTICS: 
. (j^) LENGTH: 183 amino acids- - - - 

(B) TYPE: amino acid 

(C) STRAMDEDNESS : single 

(D) TOPOLOGY: linear 

. (ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Met Gly Leu lie Trp Leu Leu Leu Leu Ser Leu Leu Glu Pro Ser Trjp 
1 5 10 15 

Pro Thr Thr Gly Pro Gly Thr Arg Leu Arg Arg Asp Ala Gly Gly Arg 
20 25 30 

Gly Gly Val Tyr Glu His Leu Gly Gly Ala Pro Arg Arg Arg Lys Leu 
35 40 45 

Tyr Cys Ala Thr Lys Tyr His Leu Gin Leu His Pro Ser Gly Arg Val 
50 55 60 

Asn Gly Ser Lieu Glu Asn Ser Ala Tyr Ser lie Leu Glu lie Thr Ala 
65 ,70 75 80 

Val Glu Val Gly Val Val Ala lie Lys Gly Leu Phe Ser Gly Arg Tyr 
85 90 95 

Leu Ala Met Asn Lys Arg Gly Arg Leu Tyr Ala Ser Asp His Tyr Asn 

100 105 110 

o ■ . . ' 

Ala Glu Cys Glu Phe Val Glu Arg lie His Glu Leu Gly Tyr Asn Thr 
115 120 ' 125 

Tyr Ala Ser Arg Leu Tyr Arg Thr Gly Ser Ser Gly Pro Gly Ala Gin 
130 135 140 
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Arg Gin Pro Gly Ala Gin Arg Pro Trp Tyx Val Ser Val Asn Gly Lys 
145 iSO V 155 \ 160 



Gly Arg Pro Arg Arg Gly Phe Lys Thr Arg Arg Thr Gin Lys Ser Ser 
165 170 175 

Leu Phe Leu Pro Arg Val Leu 

IBO ^ . 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 190 amino acids. 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single ... 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Met Ala Pro Leu Gly Glu Val Gly Asn Tyr Phe Gly Val Gin Asp Ala 
1 5 10 15 . 

Val Pro Phe Gly Asn Val Pro Val Leu Pro Val Asp Ser Pro Val hen 
20 25 30 

Leu Ser Asp His Leu Gly Gin Ser Glu Ala Gly Gly Leu Pro Arg Gly 
35 40 45 

Pro Ala Val Thr Asp Leu Asp His Leu Lys Gly lie Leu Arg Arg Arg 
50 55 60 

Gin Leu Tyr Cys Arg Thr Gly Phe His Leu Glu lie Phe Pro Asn Gly 
65 70 75. > 80 

Thr lie Gin Gly Thr Arg Lys Asp His Ser Arg Phe Gly lie Leu Glu 
85 90 .95 
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Phe lie Ser lie Ala Val Gly Leu Val Ser He Arg Gly Val Asp Ser 
100. : . 105 110 . 

Gly Leu Tyr Leu Gly Met Asn Glu Lys Gly Glu Leu Tyr Gly Ser Glu 
115 120 125 

Lys Leu Thr Gin Glu Cys Val Phe Arg Glu Gin Phe Glu Glu Asn Trp 
130 135- 140 

Tyr Asn Thr Tyr Ser Ser Asn Leu Tyr Lys His Val Asp Thr Gly Arg 
145 150 15S , 160 

Arg Tyr Tyr Val Ala Leu Asn Lys Asp Gly Thr Pro Arg Glu Gly Thr 
165 170 175 

Arg Thr Lys Arg His Gin Lys Phe Thr His Phe Leu Pro Arg 
180 IBS 190 

(2) INFORMATION FOR SEQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 167 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Gly Ser Pro Arg Ser Ala Leu Ser Cys Leu Leu Leu His Leu Leu 
1 5 10 15 

Val Leu Cys Leu Gin Ala Gin His Val Arg Glu Gin Ser Leu Val Thr 
20 25 30 

Asp Gin Leu Ser Arg Arg Leu He Arg Thr tyr Gin Leu Tyr Ser Arg 
35 40. 45 
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Thr Ser Gly Lys His Val Gin Val Leu Ala Asn Lys Arg lie Asn Ala 
50 55 60 



Met Ala Glu Asp Gly Asp Pro Phe Ala Lys Leu lie Val Glu Thr Asp 
65 70 . 75 .80 

Thr Phe Gly Ser Arg^ Val Arg Val Arg Gly Ala Glu Thr Gly Leu Tyr 
85. . 90 95 

lie. Cys Met Asn Lys Lys Gly Lys Leu lie Ala Lys Ser Asn Gly Lys 
100 105 110 

Gly Lys Asp Cys Val Phe Thr Glu lie Val Leu Glu Asn Asn Tyr Thr 
115 120 125 

Ala Leu Gin Asn Alia Lys Tyr Glu Gly Trp Tyr Met Ala Phe Thr Arg 
130 135 .140 

Lys Gly Arg Pro Arg Lys Gly Ser Lys Thr Arg Gin His 
145 150 . 155 

Val His Phe Met Lys Arg Leu 
165 



Gin Arg Glu 
160 
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CLAIMS 



We claim: 

1. Isolated DNA selected from the group consisting of: 
(a) SEQ ID N0:1 or SEQ ID N0:3; 

5 (b) a portion of the nucleotide sequence of SEQ ID 

N0:1 or SEQ ID n6:3; 
(c) a nucleotide sequence that hybridizes to SEQ ID 
N0:1 or SEQ ID NO: 3 under stringent conditions; 
and 

10 (d) DNA differing from the DNA sequences of (a) , (b). 

or (c) in codon sequence due to the degeneracy of 
the genetic code 

2. A probe or primer selected rfrotn the group consisting 
of SEQ ID NOil, the complement of SEQ ID N0:1, SEQ ID 

15 NO: 3, and the complement of SEQ ID NO: 3. 

3. A polypeptide encoded by the isolated DNA of Claim 1, 
e.g. for use in therapy, 

4. An isolated polypeptide comprising SEQ ID NO: 2, SEQ ID 
NO: 4, or their functional equivalents, 

20 5. A pharmaceutical compound for treating or preventing a 
disorder in a vertebrate, the compound comprising a 
therapeutically effective amount of SEQ ID NO: 2 or SEQ 
ID N0:4. 

6. A pharmaceutical composition for treating or 
25 preventing a. disorder in a vertebrate, the composition 

comprising a therapeutically effective amount of the 
polypeptide encoded by the isolated DNA of Claim 1, 
and a pharmaceutically acceptable diluent, adjuvant or 
carrier. 
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7. Use,, for the manufacture of a medicament for treatment 
of a neural disorder in a vertebrate, of a 
therapeutically effective amount of a polypeptide 
encoded by the DNA of Claim 1. 

5 8. A method of stimulating proliferation of vertebrate 
cells comprising administering a therapeutically . 
effective amount of a polypeptide encoded by the DNA 
of Claim 1 . 

9. Use, for the manufacture of a medicament for 

10 stimulating proliferation of vertebrate cells, of a 

therapeutically effective amount of a polypeptide 
encoded by the DNA of Claim 1. 

10. Use, for the manufacture of a medicament for 
inhibiting tumor growth in a vertebrate, of an 

15 antagonist of the polypeptide encoded by the DNA of 

Claim 1. 

11. The use of Claim 10 wherein the antagonist comprises 
an antibody that binds SEQ ID NO: 2 or SEQ ID NO: 4. 

12. The use of Claim 10 wherein the antagonist is selected 
20 from the group consisting of SEQ ID NO: 2 and SEQ ID 

NO: 4, altered to produce a polypeptide that interferes 
with the binding of SEQ ID NO: 2 or SEQ ID NO: 4 to an 
FGF receptor. 

13. Use, for the manufacture of a medicament for 
25 inhibiting tumor growth in a- vertebrate, of a 

therapeutically effective amoiint of a polypeptide 
encoded by the DNA of Claim 1. 
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14. An antibody or antibody fragment which binds a 
polypeptide* encoded by the DNA of Claim 1 or its 
functional equivalent . 

15. An antibody of Claim 14 which is a polyclonal 
5 antibody. 

16. An antibody of Claim 14 which is a monoclonal 
antibody. 

17. Use, for the manufacture of a medicament for 
modulating the endogenous activity of an FGF receptor 

10 in a vertebrate, of an effective amount of an FRL-2 or 

FRL-1 protein ligand. 

.18. The use of Claim 17 wherein the ligand is. a 
polypeptide encoded by the DNA of Claim 1. 

19. The use of Claim 18 wherein the ligand is SEQ ID NO: 2 
15 or SEQ ID NO: 4. 

20. A method for detecting the expression of an FRL-2 or 
FRL- 2 protein ligamd in a sample comprising the steps 

of:-'. / ■ " 

(a) treating the sample in a manner that renders RNA 
20 encoding the ligand available for hybridization 

with a complementary DNA or RNA oligonucleotide, 
thereby producing a treated sample; 

(b) contacting the treated sample with at least one 
DNA or RNA probe which is a nucleotide sequence 

25 complementary to all or a portion of the gene or 

mRNA. encoding the ligand; and 

(c) detecting the hybridization of mRNA from the 
sample with the probe, wherein hybridization is 
an indication of the presence of the ligand in 
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the sample . 

21. A method according to Claim 20, further comprising 

quantifying the ligand in the 'sample' by measuring the 
extent of hybridization. 

5 22. A method of detecting the level of expression of FRL-2. 
or FRL'l protein ligand in a sample comprising the 
steps of : 

(a) treating the sample in a^ manner that renders the 
ligand available for binding to antibodies or 

10 antibody fragments specific for the ligand, 

thereby producing a treated sample; 

(b) contacting the treated sample with the antibody 
or antibody fragments under conditions 
appropriate for formation of antibody-antigen 

15 complexes; and 

(c) detecting the presence of antibody-antigen, 
complexes as an indication of the presence of the 
ligand in the sample. 

23. A method of quantifying the level of FRL-2 or FRL-1 
20 protein ligand expression in a sample of vertebrate 

cells or tissues, comprising the steps of: 

(a) treating the sample in a manner that renders the 
ligand available for binding to an antibody or 
antibody fragment specific for the ligand, 

25 thereby producing a treated sample; 

(b) contacting the treated sample with the antibody 
or antibody fragment under conditions appropriate 
for formation of antibody-antigen complexes; and 

(c) detecting the amount of antibody- antigen 

30 complexes as an indication of the amount of the 

ligand in the sample. 
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cDNA library 



Figure lA 



transform 




♦ 



yeast 



select URA*" LEU*" on glucose plates 
E: 1 50.000: X: 25 000 transfonnants 



nitrocellulose 




Identify Gal specific positives 

E: 65: X: 29 colonies 
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Figure IB 

Gal specific positives 

E: 65 colonies 
X: 29 colonies 



Repeat of screen with aniti-PTyr 



E: 9 colonies 
X: 2 colonies 



■ i 

Rescue piasmid DNA 

I 

Retransformation into a yeast strain not expressing FGFR 

t 

Is activation of P-Tyr by piasmid FGFR dependent? 



FGFR dependent P-Tyn E: 8 genes , X: 2 genes 

FGFR independent P-Tyr: E: 1 gene, X: 0 
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GLU plate 

♦ 



NC membrane 




GAL plate ( + induction) GLU plate ( - induction) 



overnight incubation 

t ♦ 

filter paper soaked in 

0.1 % SDS , 0.2 N NaOH, 35 mM DTT 

30 min 



Figure 2 
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ALP cDNA 

ACCAAAAGAA CGACAGAACG AAGGAAAGAC AGAGACAGTC CTTGTTTTAA GACTCCMGG 60 

GAATTTACGT CTAATAAAGA GAAGAGAGGC .ATTGTATGCT TGACATTATG GTGGCAGTTT 120 

TATCTTCTCT GTTGACAATT TQCATTATCC TCAGCTTTTC TCTCCCATCC GATACCCAGA 180 

ATATCAATGC CTTTATGGAA AAGCACATTG TTAAGGAAGG AGCTGAAACA AACTGCAACC 240 

AAACCATCAA AGACAGAAAC ATCCGGTTTA AAAACAACTG CAAATTCC6C AACACCTTTA 300 

TTCATGATAC CAATGGTAAA AAGGTGAAGG AGATGTGC6C TGGGATTGTC AAATCTACCT 360 

TTGTGATCAG CAAGGAACTG CTGCCTCTCA CTGACTGCTT GTTGATGGGA CGTACT6CAA 420 

GACCCCCAAA TTGTGCTTAT AATCAAACAA GAACAACTGG GGTCATTAAT ATCACTTGTC 480 

AAAACAATTA CCCTGTGCAC TTTGCTGGGT ACAAATCAAG CTTCTGTGCT TCATATTCTC 540 

CATGTGCCTT AATAGTAATA ACTGTTTTCC TGCTCAGCCA GCTACTGCTC CCTGCTATGA 600 

GATGATGCCC AGAAACGGGA GTATCAATAG .CTAAAACTAG AAGGACTGAT AGTGATGGAT 660 

GATTGTTCCT AAGTCATTTA GAGATCTACC TGTGTTCAfcr TCCAAACAAA GAAGACATAG 720 

GTATAATTGA ATCAACCGTG ACATAGACTG ACTTCTAAAT AATAAAAGCA ACATTTTCTG 780 

TTTTAACAAA AAAAAAAAAA AAAAAAAAA 809 



FIGURE 3 

» 
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ALP . - : ■ -. 

MLDIMVAVLS-SLLTIGIILSFSLPSDTQNINAFMEKHIV 

KEGAETNCNQTIKDRNIRFKNNCKFRNTFIHDTNGKKVK 

EMCAGIVKSTFVISKELLPLTDCLLMGRTARPPNCAYNQ 

TRTTGVINITCENNYPVHFAGYKSSFCASYSPCALIVIT 

VFLLSQLLLPAMR 



Figure 4 



BNSDOCID: <W0 9603499A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 96/03499 



PCTAJS95/09172 



6/14 _ 



CM 

n 



CO 



I I X 
Q H O 

u o: CO 

Eh H H 

< ao 
c:) s I 
>>>^ 
o: < Q 
u uo 

Cll P4 

a: c: 
CO < 
CO S-i 2 
o z 
oca 

S o: 
H B 

Eh 

H .J H 
.J J 



dp 

00 



CO 



c 

Q) 



Q) V 

in 
u 

4J 

m 

U 

o 
c 
(d 
a 

u 

Q) 



Q 



* u o u 



> 
a: 

CO 



1 

O 
CO 



U U 

H < 

M > 

M M 

> X 



0) 
CP 




AipiqoqdojpAH 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <W0 9603499A1 J_> 



wo 96/03499 



PCT/US95/09172 



7/14 



CLP cDNA 

ATTTACCACC GACCGTTACA 


CCTGu'i"i."i 1 1 


GCTAAG6ACA 


CATTCAATAC 


AAvoAACTAAA. 


60 


AGTGGGAAAC TGGGGCCTTT 


GCAGAAAACA 


ATGCAGTTTT 


TAAGATTTCT 


TGCCATCCTT 


120 


ATTTTCTCTG 


CTAAACATTT 


TATCAAGCAT 


TGCAAAGGTG 


AAACTTGCAT 


GGGACTGAAC 


180 


TGTAATGACC 


CAAGGTTATT 


GGAGGCAATT 


■AAGAGCAACA 


CAATCAATCA 


GCTCTTGCAT 


240 


GATACAATTA ATGCCACCCA 


TGGAAA6AGT 


CCACCAAAAT 


CCACTAAAAC 


CTTGCCCTTC 


300 


TTGGGTATCA CAGACAGTAA 


GAAATTGAAT 


AGAAAATGCT 


GTCAGAATGG 


AGGCACTTGT 


360 


TTCTTGGGGA 


CCTTTTGCAT 


CTGCCCTAAG 


CAATTTACTG 


GTCGGCACTG 


TGAACATGAA 


420 


AGGAGGCCAG 


CAAGCTGCTC 


CGGTGTTCCC 


CATGGAGACT 


GGATCCGTCA GGGCTGCTTG 


480 


CTGTGTAGAT 


GTGTGTCTGG 


TGTCCTACAC 


TGCTTCAAGC 


CCGAGTCTGA GGACTGTGAT 


540 


GTTGTGCATG 


AAAAAAACAT 


GAGATCGGGG 


GTCCCGAGAA 


TGCAGCTCAG 


CTTAATCATC 


600 


TATTGCTTCC 


TTACTGCAAA 


CTTGTTTTAC 


CACATAGTTT 


GGCATCTGAA 


TATTGGACTT 


660 


TAACAGAGTA ACTTGAGTCT 


GCCAGTCAGG 


TTCAGATTGC 


AGACGTCTGT 


GTCTACACTG 


720 


CACTTTCAAT 


TTGTGAACCC 


ATTTTGCCAG 


GATTATGCTT 


GAAGTATAtG 


GCTATCTTCC 


■ 780 


ACCCCTGGAA 


TCCTGGAAAA 


TATGCAGAAA 


CTATACAATG 


CCTTATTTCT 


ATTG6TTGTT 


840 


TCATAAAA7A 


ACTTTTTTTA 


TAGGATGATG 


TGTATAGTGG 


CCAGAATGGG 


TTTACAGTAC 


AAA 
900 


TTCCAAGCAC 


TGGCGTTGGT 


TCAAAATAGC 


TACTGGGTT'C 
6TGCATTCTG 


TTGCTCTTTG CTGCATGTTG 


A£ A 


AGATCAGGAA 


GCTAGTCTTA 


TACTTACCCA 


TATATATGTA AATTTTATTA 


1020 


ACTTATTAGA 


CACGTTGTAC 


ATTAACAGCA 


TCCTTCACAA 


ACTTTTATTT 


TTTTTTAATT 


1080 


TTTTTATTAA 


TTGACAAAGA 


GAACAAAGTA 


TCTAGGAACA 


TTTTACAAAT 


ATTGTCCTAC 


1140 


TACATT6CAT, GTTGTGGTTC 


TTGTTTGTAT 


GTTTGTCCTG 


ATCTTCTACA ATGTATCCCT 


1200 


AGCCATAAAA 


CGATTTT6TG 


AGTGTGTGTG 


TGTGACT6CA 


TCCCATTTTA 


TTCATTATOC 


1260 


AAACACTTTG 


CAAATGATTG 


TGCAGCAATG 


TAAGTGCTAG 


CCTGTGGTCA ACAGTGCTQA 


.1320 


ATGTAAATCT 


TGGAGCGGTG 


ATATCAGCAT 


GCtTATGGAG 


GCTCAATAAC 


CTTGGTCTTG 


1380 


CCCCTTTAAA 


TTCTATTTTT 


CTACGGGCAA 


GTAAATCTAA 


ACTGGTAAAG 


TACCTTCTTT 


1440 


TAAGGAAATG 


AATCACTGAA 


TGTTATAATT 


CCAGTTTCAG 


GCCACAGACA 


ATTAATGACA 


1500 


GCTCAGGGAA TAATACAATT 


GCCCATGTTT 


GATGCACCTA 


ATGTACTGTA 


TGTATTACAG 


1560 


GGTGTCTGCT 


TGATGTTTGC 


AATGAAGACA 


TTAAATACTG 


TACCTAAAAG 


AAAAAAAAAA 


1620 


AAAAAAAAAA 


AAA 










1633 



FIGURE 6 
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CLP 

MQFLRFLAILIFSAKHFIKHCKGETGMGLNCNDPRLLEA 
IKSNTINQLLHDTINATHGKSPPKSTKTLPFLGITDSKK 
LNRKCCQNGGTCFLGTFCICPKQFTGRHCEHERRPASCS 
GVPHGDWIRQGCLLCRCVSGVLHCFKPESEDCDWHEKN 
MRSGVPRMQLSLIIYCFLTANLFYHIVWHLNIGL ' 



Figure 7 
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(CLP) \ 

MQFLRFLAILIFSAKHFIKHCKGETCMGLNCNDPRLLEAI 40 . 

KSNT 1 NQLLHDT I NATHGKSPPKSTKTLPFLG I TDSKKLN 80 

RKCCQNGGTCFLGTFC ICPKQFTGRHCEHERRPASCSGVP 120 

HGDWIRQGCLLCRCVSGVLHCFKPESEDCDVVHEKNMRSG 160 

VPRMQL SLI IYCFLTANLFYHIVWHLNI6L 190 

(ALP) I • 

MLD 1 MV AVLSSLLT I C 1 1 LSFSLPSDTQN I NAFMEKH I VK 40 

EGAETNCNQT I KDRN 1 RFKNNCKFRNTF I HDTNGKKVKEM 80 

CAG I VKSTFV I SKELLPLTDCLLMGRTARPPNCAYWQTRT 120 

TGVIUITCENNYPVHFAGYKSSFCASYSPCALIVITVFLL 160 

SOLLLPAMR ~ 169 

■ ■ ^ 

arrow; predicted cleavage sites 
N: predicted N-g lycos I lot ion sites 

Hydrophobic regions at C-terminus are under I i ned 



Figure 11 
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MQFLRFLA I L I F.SAKHF I KHCKGETCMGLNCNDPRLLEA 



I KSN-T I NQLLHDT I NATHGKSPPKSTKTLPFLG I TDSKK 
LNRKCCQNGGTCFLGTFC I CPKQFTGRHCEHERRPASCS 
GVPHGDWIRQGCLLCRCVSGVLHCFKPESEDCDVVHEKN 



MRSGVPRMQLSLI lYCFLTANLFYHIVWHLNIGL 

•: amino odd residues h I gh I y/ conserved among EGF 
repeats 



Figiire 12 
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